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PREFACE 


The present volume is intended primarily for use in schools 
and departments of vocational agriculture. In addition, 
however, it should be of value in college courses in farm 
machinery as well as of practical assistance to farmers and 
mechanics who desire to improve their ability to repair 
farm machinery. 

Since the passage of the Federal Vocational Education Act 
and the establishment of cours(!S in vocational agriculture, 
in special schools and departments there has developed an 
increasing demand on the part of directors and teachers for 
assistance in selecting content of instruction in farm machin- 
ery. It appears that this demand has come about because 
of the increased recognition of the need on the part of voca- 
tional pui)ils for abilities that would enable them to select, 
maintain and repair the machinery necnled for conducting 
the particular type or types of fanning for which they were 
preparing. The acquiring of such skills as are involved in the 
correct asscimbly of parts, adjusting and readjusting parts, 
replacing parts, lubricating, providing the most effective utili- 
zation of power, handhng and controlling in action, repairing 
and housing, requires systematic instruction. “Pick up” 
methods are costly in time, money and effort. The shop 
and the supervised farm practice are of basic importance to 
the effective teaching of machinery skills. The content in 
farm machinery must grow out of farm machines themselves 
and not out of books about machines. 

In the preparation of this volume careful thought has 
been given to the needs of pupils preparing for specific 
farming occupations. The problem attitude has been 
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maintained throughout. The “ shop jobs ” and “ labora- 
tory studies are organized so as to stimulate interest in the 
actual study of machinery problems and to give specific 
directions for conducting the work in an orderly manner. 
By these devices and by the inclusion in each chapter of 
content regarding machinery types, parts and adjustments 
it is hoped that vocational pupils will be assisted in acquiring 
the abilities necessary to maintain and repair machinery on 
the home farm or on the farm where they are employed. 

The author wishes to express his appreciation' of the 
interest and enthusiastic aid of Dr. O. S. Morgan, Professor 
of Agriculture, Columbia University, New York City. 
Oedit is also due to Robert H. Smith, Instructor in Farm 
Engineering and Mechanics at the New York State School of 
Agriculture at Canton, N. Y., for assistance in the prepara- 
tion of the work on the Fordson ignition system; to the 
aiithor^s wife, Rowena Stone, for all of the pen and ink 
sketches; to the New York State Institute of Applied Agri- 
culture at Farmingdale, N. Y., for many facilities and much 
valuable material; to Miss Lottie Scally, Martin B. Dugan, 
and the following instructors at the New York State Institute 
of Applied Agriculture, for their kindly interest, Leon D. 
Stephens, Fordyce C. Dietz, K. H. Musa, C. A. Peters, G. L. 
Franke, D. Z. Terhune, D. R. MacDougal and L. L. Kenfield. 

The Editors and Author. 
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FOREWORD 


We are living in an age of machinery, on the farm and in 
the city. Farm machinery has come to be a vital factor in 
successful agricultural production. The high cost and 
scarcity of fanu labor has made the use of machineiy impera- 
tive. It is the machinery on the farm which makes it pos- 
sible for such a small number of farmers to produce sufficient 
food for our increasing population. The efficient utiliza- 
tion of machinery is the chief reason why American fanners 
are increasing th(' production per man so far ahead of their 
forcfatheis and so far in advance of the production per man 
in most EurojM'an countries. The cost of maintaining farm 
machinery including depreciation, repairs, interest and 
housing is one of the largest annual expenses of the average 
farm. 

The benefits of modern machinery to agriculture are many. 
It cuts production costs, results in a better quality of work 
and brings relief from drudgery. A man’s time employed 
in work (hat might be done by a machine is ill spent. He 
can, at best, develop little more than one-eighth of a horse 
power. When emf)loyed in controlhng the work of a machine 
his power is multiplied. 

No matter how well made a machine may be, if it is not 
intelligently used, itn[)erfect and costly work may result. 
Most farm machines have many fine adjustments, which if 
projxirly made, improve the quality of the work and adapt 
the machine to varying conditions. 

It is too often true that fann machines receive attention 
only when immediately needed in the field find then only 
such attention as will render them capable of inferior work. 
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On the other hand there are many farmers who take great 
pride in the fine appearance of their fields, their uniform, 
well-pulverized plowing, their straight rows, the accuracy of 
their plowing, their well-shaped bundles of grain, etc. These 
desirable results arc not attained because of experienced 
driving only, but because of an understanding of the con- 
struction and basic adjustments of the machines performing 
the work. Such a farmer may find that his binder will last 
for twenty years while another must replace his in five or 
six years. Many of the modern farm machines are intricate 
in construction and require an alert, well- trained operator. 

As rjian labor on the farm decreases the farmer becomes 
more dependent upon his machines. Most field work is 
seasonable and delays are costly. Mechanical trouble, 
when work is pressing, is serious. Thorough overhauling 
and conditioning of farm machines, well in advance of their 
use in the field, is essential. 

The large investment in farm implements, the high quality 
of work accomplished by farm machines when efficiently 
operated and the extra years of service that intelligent care 
always gives, justify a systematic and practical study of 
farm machinery, in the laboratory, repair shop and in the 
field. 

This is the viewpoint from which this text has been devel- 
oped. A few typical machines have been selected from the 
large number available. These few have been treated with 
considerable mechanical detail and the text, therefore, does 
not offer general information on a large number of farm 
machines. The methods described for studying, repairing 
and operating can easily be applied to implements not 
treated in the text. 


A. A. Stone. 
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CHAPTER I 
PLOWS 

The plow is one of the most important of all farm machines. 
It is an indispensable tillage implement. Plowing is an essen- 
tial process in the preparation of the seed bed. More thought 
and engineering talent have been employed in the design and 
development of the plow than in that of any other implement. 
Although the plow seems a simple tool, good plowing is an art, 
requiring knowledge, skill, and experience. 

The chief use of the plow is in preparing the seed bed. It 
inverts the upper layer of soil and turns under and com- 
pletely covers all surface growth, thus adding humus to the soil. 
Plowing pulverizes, aerates and loosens the soil, making it more 
friable and mellow. 

The plow is also used to turn under and thus destroy weeds. 
It is sometimes used to open the furrow for planting certain 
crops and to cover the seed of such crops. 

Types and Sizes of Plows. — There are two distinct types of 
plows in common use: 

1. Moldboard plows; 

2. Disk plows. 

The first type is more widely used and in general gives better 
satisfaction than the latter. In some soils, however, mold- 
board plows will not “ scour.” The soil will stick to the mold- 
board and thus make good plowing impossible. Under such 
conditions the disk plow is used to good advantage. The 
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revolving disks are equipped with scrapers which keep them free 
from sticky soil. Figure 1 shows one type of disk plow. 



Courteny of Oliver Chilled Flow Co. 

Fia. 1. — Tractor disk plow. 


Under average conditions, however, moldboard plows pul- 
verize the soil better, leave fewer clods, and cover surface 
growth more completely than do disk plows. 



Courtesy of Oliver Chilled Flow Co. 


Fig. 2. — ^Walking plow. 

The walking plow (Fig. 2) is found on most farms, even 
on farms where larger plows are used. It is used for small 
fields, where a larger plow cannot be emploj^ed to advantage. 
The size of the walking plow is measured by the width of the 
furrow that it cuts. The most common sizes are 12, 14, and 
16 in. 
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Fic. 4. — Gang plow. 


Courtesy of Detre dk Co. 
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Courtesy of International Harvester Co. 

Fig. G. — Three-wheel tractor plow. 


moldboard riding plow (Fig. 3) is called a sulky” plow. 
Sulky plows are usually equipped to cut a 14- or 16-in. furrow. 
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Riding plows with two or more moldboards are referred to as 
‘‘gang^’ plows (Fig. 4). Gang plows are commonly furnished 
with 12- or 14-in. bottoms. 

Tractor plows (Figs. 5 and 6) are usually mounted on wheels. 
Both two-wheel and three- 
wheel tractor plows arc com- 
monly used. Figure 7 shows 
a recent type of tractor 
plow which is carried directly 
on the rear of the tractor, 
thus eliminating all wheels. 

The number of plow bottoms* 
used varies from a single one 
to as many as twelve. The 
width of the bottoms on 
tractor plows also varies. Probably 14-in. bottoms are the most 
common. Twelve and 16-in. bottoms arc also often used. 



Courtesy of Ferguson Sherman Inc. 

Fig. 7. — Wheelless tractor plow. 



Courtesy of International Harvester Co. 
Fig. 8. — Brush breaker. 


Tractor plows, designed especially for plowing brush land and 
newly cleared ground, may have a bottom as wide as 20 or 24 
in. (Fig. 8). 



6 


PLOWS 


Plow Bottoms. — The plow bottom is the part of the plow 
that enters the ground and cuts and turns the. furrow. As 
plows are used under many different conditions and on many 
kinds of soil, various shapes of plow bottoms have been devel- 
oped, each being suited to a definite set of conditions. There 
are a great many different shapes and styles of plow bottoms, 
but all may be divided into three general classes. 

Types of Plow Bottoms. 

1. Breaker Bottom or Prairie Breaker (Fig. 9, A ). — The 
prairie breaker bottom is low. It has a long, easy slant and 
turns the furrow over gradually, thus pulverizing the soil very 
little. This type is used for plowing virgin soil or fields that 
have a heavy sod. An extension is often bolted to the rear 
of the moldboard to aid in turning over the furrow slice. 
(Fig. 9, A, b.) 

2. General-purpose Bottom (Fig. 9, B ) . — The general-purpose 



bottom is higher and turns the furrow more abruptly. Hence 
it pulverizes the soil more than the breaker bottom. It is used 
on fields of light sod or on ground that has been in crop the pre- 
vious year. It is not suited for work on virgin soil. 

3. Stubble or Old-land Bottom (Fig. 9,C). — The stubble or 
old-land bottom turns the furrow quit;e abruptly and pulverizes 
more completely than either the general-purpose or the breaker 
bottom. It is used on old ground that has been in crops for 
many years. It leaves the soil mellow and finely pulverized. 
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The stubble bottom cannot be used successfully on new ground 
or on grass land. 

These are the three types of plow bottoms in general use. 
There are a great many variations within these classes. 

4. Special Plow Bottoms. — The black-land bottom has an 
abrupt angle. The pressure of the soil against it is very heavy. 
It is used for plowing in black, sticky soils. The shape and 
angle of the moldboard is such that the soil does not stick to it, 
but slips off, or scours,^' easily (Fig. 9, D). 

The slat moldboard has about the same shape as the black- 
land bottom. There is less metal surface in the moldboard for 
the soil to stick to, hence this type is used where ordinary mold- 
boards will not scour ” (Fig. 9, E), 

Plow-bottom Materials. — The various conditions under 
which plows are used have caused the manufacturers to employ 
different materials in the construction of plow bottoms. Each 
material has certain advantages, and the proper one may be 
obtained for any plowing condition. 

1. Chilled Cast Iron. — Plow bottoms made of chilled cast 
iron are used in sandy or sandy-loam soils. They are not 
adapted for clay soils or heavy, sticky soils. Such soils will stick 
to them and make it impossible to do a good job of plowing. A 
cross section of a piece of chilled 
cast iron is shown in Fig. 10, A. 

When the molten iron is poured, 
one face of the mold is lined with 
metal. As the molten iron 



strikes this metal it cools very 
quickly. This causes the crys- 
tals of metal to turn on edge. 
These crystals are very hard 
and resist w^ell the wearing effect 
of the soil. 



F’to. 10. — Plow-bottom materials. 


The parts of the chilled cast-iron bottom are comparatively 
cheap. When the shares have worn out of shape, however, 
they cannot be reshaped but must be thrown away, as cast iron 
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cannot be forged. Because of their cheapness, this is not a 
serious objection to their use, and they are widely used where 
the soil conditions arc suitable. 

2. Soft-center Steel. — A cross section of a piece of soft- 
center steel is shown in Fig. 10, B. This is made of three layers 
welded together. The two outside layers are of hard steel. 
The inner layer is of softer steel, which acts as a cushion for the 
outer layers. The hard steel comes into contact with the soil. 
It is very smooth and takes a high polish. Clay soils and heavy 
soils do not stick to it but are readily shed. Hence this mate- 
rial is used where the soil is heavy or where cast-iron plow 
bottoms will not scour. The soft inner layer helps to prevent 
breakage. 

Soft-center steel plow bottoms are more expensive than those 
of chilled cast iron. Soft-center steel shares, however, may be 
reshaped by forging when they are worn. The process of sharp- 
ening steel shares will be discussed later. 

These shares are likely to break in rocky land, but do not 
break as easily as chilled-iron shares. They wear faster in 
sandy soils than chilled iron, but for plowing on heavy or sticky 
soils they give much better results. Soft-center steel' j^low 
bottoms are lighter in weight than chilled-iron bottoms. 

3. Crucible-steel Shares. — Crucible or solid-steel shares are 
sometimes used with a soft-center steel moldboard. This steel 
is softer than soft-center steel and is not satisfactory for use 
where scouring conditions arc difficult. 

Crucible-steel shares are cheaper than those of soft-center 
steel. They may be sharpened easily with a file, or hammered 
without heat. They are good for use on rocky ground as the 
steel is comparatively soft and does not break easily. 
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WALKING PLOWS 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Frog (Fig. 1 4, a ) . — The frog is the heart of the plow bottom, 
all the other parts being attached to it. The frog may be made 
of cast iron or steel. The cast-iron frog is larger and thicker 
than the steel frog. An easy method of distinguishing between 
cast-iron ^ind steel parts is to observe the manner in which they 
are numbered. If the number has been stamped into the metal, 
the part so numbered is steel. If the number is raised, showing 
that the figures or letters were molded with the part, the mate- 
rial is cast iron. 

2. Share (l^'ig. 11). — The share cuts the furrow loose and 
elevates it to the moldboard. Shares are made of chilled iron, 
soft-center steel, or crucible steel. They are carefully shaped, 
as the correct shape is essential to good plowing. An old share 
fails to do good work not only because it is dull but because it 
has lost its original shape. In Fig. 11, c shows the point, and d 
the wing, of a walking-plow share. The share is bolted to the 
frog, or attached to it by means of a steel lug and eye bolt. 
Shares attached in the latter manner or with a similar device 
are called quick detachable shares.’’ They arc now more 
commonly used than bolted shares, ])articularly on riding and 
tractor plows. AVith quick detachable shares ” bolt holes 
through the shares are not necessary. 

The question of sharpening chilled-iron and soft-center steel 
shares will be treated in Job No. 2. 

3. Moldboard (Fig. 11, h ). — llie moldboard lifts and turns 
the furrow cut loose by the share. The angle that the mold- 
board makes with the landside determines the amount of jml- 
verization that will take place. This angle is small on the 
breaker plow, with the result that the furrow is turned gradually 
and the soil is pulverized very little. The angle between the 
moldboard and landside of a stubble-bottom plow is quite 
abrupt. Such a moldboard turns the furrow quickly and pul- 
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verizes it well. The angle of a general-purpose plow bottom is 
less than that of the stubble bottom but more than that of the 
breaker bottom. Note the angle indicated in Fig. 12 between 
Gj b and d. 

Special plow bolts are used to attach the moldboard and the 
other parts of the plow bottom to the frog. These are counter- 
sunk so that the head of the bolt will be flush with the surface. 
Round-head bolts, with a small tit to prevent turning, or square- 
head bolts are used. 

Moldboards are made of chilled iron or soft-center steel. 



The surface of the moldboard must be very smooth and capable 
of taking a high polish. Good plowing requires that the soil 
pass off easily from the moldboard without sticking. The shed- 
ding of the soil from the moldboard is called “ scouring.” 
The manufacture and design of plow moldboards that will scour 
well under adverse soil conditions are sources of continual exper- 
iment for the plow maker and the problem of skillful and intel- 
ligent management of the plow under such conditions should 
receive the best effort of the plow operator. 

Figure 11 shows a moldboard with a removable cutting 
edge. This is called the ‘‘ shin ” of the moldboard. As most 
of the wear comes at this point there is an advantage in having 
a removable shin. 
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The extra joint, however, between the shin and the mold- 
board sometimes interferes with scouring when soil conditions 
are difficult. 

4 . Landside (Fig. 14, d ). — The landside presses against the 
wall of the open furrow. It keeps the plow straight and resists 
the side pressure on the moldboard caused by the turning over 
of the furrow. 

6. Beam (Fig. 11, e ). — Plows are pulled from the beam, 
which is bolted to the frog. The beam is curved upward where 
it passes over the plow bottom to give throat room or clearance 
for trash at this point. 

Either wood or high-carbon steel is used for walking-plow 
beams. The wood beam is larger than the steel beam, but 
lighter. The steel beam is now the more widely used. 

6. Jointer (Fig. 11,/). — The jointer is commonly used with 
the walking plow. It is fastened to the plow beam with an 
adjustable clamp. The adjustment of the jointer is very impor- 
tant and will be thoroughly explained later in this discussion. 
The jointer is a miniature plow. It cuts and turns a small fur- 
row at the inner edge of the main furrow. This causes better 
covering of surface growth when the main furrow is turned over. 
Jointers are particularly useful in plowing sod fields or in turning 
under growing crops to enrich the soil. 

7 . Gauge Wheel (Fig. 11,^). — The gauge wheel is connected 
to the beam, the clamp that holds it providing for vertical ad- 
justment. The gauge wheel keeps the plowing uniform in depth 
and causes the plow to run steady. 

8. Clevises (Fig. 11, /i and z). — The clevis is a device for 
connecting the plow to the power that draws it. Walking-plow 
clevises are made to provide both vertical and horizontal adjust- 
ment. Figure 1 1 , /i, shows the vertical clevis. This is bolted to 
the end of the beam. The horizontal or cross clevis is shown 
at Fig. 11, z. The series of holes in the vertical clevis makes it 
possible to raise or lower the point of hitch. ' The holes in the 
horizontal or cross clevis make it possible to move the point of 
hitch toward or away from the ‘Tand” (unplowed ground). 
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The small clevis (j), which is called the evener clevis, connects 
the eveners with the cross clevis. The clevises are connected 
with each other by bolts or pins. 

The subject of plow hitches and methods of adjusting the 
clevises is explained on page 54. 

9. Eveners (Fig. 25). — Two-horse eveners are used for 
walking plows. Figure 25, 5, shows the evener bar, c and d the 
single trees, e the single-tree hooks. The traces of the horses^ 
harness are hooked to the single-tree hooks. The single trees 
are attached to the evener bar by means of metal straps (/). 
The various evener parts to which these letters refer are shown 
in Fig. 25, as part of a five-horse hitch. The parts mentioned 
here, however, are all used, as stated, with the walking plow. 

10. Plow Handles (Fig. 11, k ). — Plow handles are usually 
made of wood, a good grade of oak being used for this purpose. 
Heavy steel bars (Fig. 14, c) connect the lower ends of the 
handles with the plow bottom. Usually the left handle is bolted 
to the frog, and the right handle to the back of the moldboard. 
Figure 11, ^ and m, illustrates the method of bracing the handles. 

The operator guides and controls the plow by means of the 
handles. 

Set of the Walking-plow Bottom. 

1. Vertical Suction (Fig. 12). — If a new walking-plow bot- 
tom is placed on a level floor, it will touch the floor in three 
places: the point of the share (o), the wing of the share (5), and 
the heel of the landside (d). There should be a clearance of 
to I in. at the point indicated by the arrow (c). There should 
also be a clearance of J to in. at the point indicated by the 
arrow (c). This clearance is caused by the fact that the point 
of the share is lower than the line of landside, and also lower 
than that part of the cutting edge of the share indicated by the 
arrow at e. When the share is made, the point, from the 
arrows forward, is bent downward. This causes the point of 
the share to enter the ground first. The plow penetrates easily 
and stays in the ground because of the downward inclination of 
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the point. The action of the point in entering the ground and 
holding the plow bottom 
down so as to cut the 
proper depth of furrow is 
referred to as vertical 
suction.'^ The point of a 
worn share is shown in 
Fig. 13. The underside 
of the point has been 
worn away. Such a 
share would give no 
“vertical suction/’ and 
the plow would not pene- 
trate properly. 
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Set of the walking-plow bottom. 

2. Horizontal Suction (Fig. 14). — If a new walking-plow bot- 
tom be turned on its side on a level 
floor it will be noted that the heel of 
the landside and the point of the 
share touch the floor. There will be 
a clearance of J to 1 in. at the point 
indicated by the arrow at e, because 
the point of the share is tfirned 
slightly to the side, or outside the line 
of the landside. 

AVhen the plow is in operation the 
share point tends to suck its way 
sideward, or toward the “ land,” be- 
cause the share point is bent toward 
the side. This 
B is referred to as 

“ horizontal 
suction,” or 
“land suction.” 
A plow bottom 
width of furrow. It 
all parts of the field. 



Fig. 13. — Worn plow shares. 

with good land suction cuts a uniform 
maintains the same width of furrow in 
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Figure 13, A, shows a share worn so much that the plow would 
have no land suction. Plowing with such a share would be 
very difficult; the plow would not hold the land, the furrows 
would not be even in width, and the operator would have to 
force the plow to cut more land by manipulating the plow 
handles. The pressure of the furrow being turned over by the 
moldboard has a tendency to pivot the plow bottom, turning 
the share point toward the plowing (away from the land). 
This tendency is partly overcome by the landside, but also to 
a large extent by the land suction of the share point. Conse- 



Fig. 14. — Inverted view of walking plow bottom. 

quently, a share point that is worn so that it does not give 
proper land suction should not be used. 

3. Wing Bearing (Fig. 14,/). — The wing of the share is one 
of the three points to touch the level floor. The share at this 
point, however, is made level for about 1 in. in order to provide 
a bearing for the outer corner of the plow bottom. This 
portion of the bottom of the share (indicated at /) is called the 
“ wing bearing.” This bearing is usually about 1 in. along the 
under surface of the share for 14-in. plows. 

The wing bearing serves as a runner to support the plow 
bottom and keep it running steadily. 
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LABORATORY STUDY NO. 1 

To inspect and study the construction of a walking plow. 
Equipment Necessary. — A walking plow, complete with all 
parts. 

Procedure : 

1. Set the plow on a level floor. Measure the clearance at 
the point* indicated by the arrow at r, Fig. 12. 

2. Measure the clearance at the point indicated by the 
arrow at c, Fig. 12. 

3. Turn the plow over on the landsidc and measure the clear- 
ance indicated by the arrow at e, Fig. 14. 

4. Answer the following questions: 

(a) What is meant by vertical suction? 

(b) What causes a plow bottom to lose its vertical suc- 

tion? 

(c) What is meant by horizontal or land suction? 

(d) What causes a plow bottom to lose its horizontal or 

land suction? 

(e) How may the vertical or horizontal suction be re- 

stored to a plow bottom which has a steel share? 

5. Measure the width of the plow bottom. (Width of fur- 
row it will cut.) 

6. Remove the share from the frog. 

(a) Is it a bolted or a quick-detachable share? 

(h) What advantages have the quick-detachable shares? 
(c) Is the share made of steel or of chilled iron? 

7. Remove the landsidc from the frog. 

(a) Measure the length and height of the landside. 

What is the advantage of a long and high landside? 
{h) Is the heel of the landside reinforced? Is it detach- 
able? 



16 


PLOWS 


(c) How many bolts are used to attach the landside to 

the frog? 

(d) What kind of bolts are used? 

(e) Is the landside made of steel or of cast iron? 

8. Remove the moldboard from the frog. 

(a) In which of the three general classes of moldboard 

shapes would you place this one; breaker, general- 
purpose, or stubble? 

(b) Under what conditions would you use this type of 

moldboard? 

(c) Of what material is the moldboard made? 

(d) How many bolts pass through the moldboard? 

9. Remove the beam. 

(a) How many bolts are used to hold the beam in place? 
(h) What material is used in the construction of the 

beam? 

(c) What is the purpose of the beam? 

(d) What parts of the plow are attached to it? 

10. Examine the frog. 

(n) Of what material is it made? 

(b) A cast-iron frog is larger than one made of steel. 

Why? 

(c) AVhat is the purpose of the frog? 

11. Examine the I)lo^^’^ handlt\s. 

(a) What material is used in their construction? 

(b) How are they braced? 

(c) How are they attached to the plow bottom? 

12. Study the construction of the jointer. 

(а) What is its purpose? 

(б) How is it attached to the beam? 
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(c) Is the jointer adjustable? Can it be adjusted both 

vertically and horizontally? 

13. Remove the gauge wheel from the beam. 

(a) Is the gauge wheel adjustable vertically? 

(b) Is it adjustable horizontally? 

(c) What is its purpose? 

14. Examine the plow clevises. 

(a) Why is a vertical clevis with several adjusting holes 

necessary? 

(b) Wh}^ is a horizontal or cross clevis with adjusting 

holes necessary? 

(c) How is the vertical clevis connect('d to the plow 

beam? 

(d) How is the cross clevis connected to the vertical 

clevis? 

(c) AVhat is the purpose of the evencr clevis? 

15. lOxamine the eveners. 

(a) What is the purpose of the singl(‘-tree hooks? 

(b) How are the single-trees coiin(*ct(id to the evener 

bar? 

(c) How is tlic evener bar cormectetl to the plow? 

(r/) 'Where do the eveners wear? 

16. Reassemble the plow. Make sure that all parts are 
properly fitted. The heads of the bolts should be flush with the 
surface of the plow-bottom parts. If these bolt heads project 
beyond the face of the share, moldboard, or landside, the soil 
will be caught by them, and this may result in poor plowing. 
The joints between the plow-bottom parts should be even and 
tight. 

17. Measure the vertical distance between the point of the 
share and the beam. Measure vertically from c to e. Fig. 11. 
Compare this measurement on several plows if possible. 
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(a) What is the advantage of ample distance at this 
point? 

18. Measure the width of the wing bearing of the share. 

(a) Why is this bearing necessary? 

19. Grease the surface of the share, moldboard, landside, 
and face of the jointer to prevent rusting. 
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Job No. 1 

TO REPAIR A WALKING PLOW 

Operations Necessary to Perform the Job. 

1. Inspect the set of the plr)W bottoiri. 

2. Sharpen or replace the share. 

3. Ins])cct the landsidc and replace it if necessary. 

4. lleniove all rust spots from the moldboard and inspect it for 

wear. 

5. Tighten all bolts in the plow bottom. Secure an even joint 

between the moldboard and the share. 

0. Repair the plow beam as re(iuired. 

7. Sharpen the jointer. 

8. Adjust the bearing of the gauge wheel. 

9. Replace worn clevis bolts. 

10. Repair the cveners. 

11. Tighten all bolts in the plow handles. 

12. Paint all metal parts ex(‘ept the surface of the share, mold- 

board, landsidc, and jointer. Cover these with heavy grease. 
Paint all wooden parts. 

Description of Operations. 

1. Place the plow on a level floor and examine the set of 
the plow bottom to determine. 

(а) The amount of vortical suction; 

(б) The amount of land suction; 

(c) The amount of wing bearing. 

(See Laboratory Study No. 1 .) 

2. Sharpen and reshape tlie share or replace it with a new 
one if necessary (see Job No. 2, p. 23). 

3. Examine the landsidc and the landsidc sole for wear. If 
these parts are badly worn they should be replaced. Landsidcs 
wear most at the under side toward the rear. They sometimes 
wear so much as to become considerably shorter than when new. 
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4. Examine the moldboard. Remove all rust spots with 
emery paper. Moldboards last longer than shares or landsides, 
but sometimes become worn or scratched so much that they 
must be replaced. The end of the moldboard is sometimes 
worn off by dragging the plow to and from the field, allowing 
it to ride on the end of the moldboard. To prevent this, a drag 
made of planks should be provided. 

5. Examine all the bolts that hold the landside, share, and 
moldboard to the frog. Tighten these bolts and see that the 
bolt heads do not project from the surface of these parts. The 
joint between the share and moldboard must be smooth and 
even. If the moldboard were higher than the edge of the share 
the soil would stick to it and the plow would not scour properly. 
Shims of cardboard placed between the share and the frog will 
bring the share up into line properly, or if the moldboard is too 
low the shims may be placed between it and the frog. 

6. Examine the beam (if a steel beam is used) to see if it is 
straight. To straighten a bent steel beam, proceed as follows: 

(а) Detenninc the exact point where the beam is bent. 

(б) Remove the beam from the plow and take off all 
parts attached to it. 

(c) Heat the beam in the forge, at the ])lace where it is 
bent, to a dull cherry red. 

(d) Hammer the beam on the anvil so as to bring the 
bent portion back into place. 

The chieff difficulty in straightening a bent beam is in 
keeping it at the proper h(iat. Too much lujat will change 
the temper of the steel and weaken the beam. 

(e) If another plow beam of the same typo is available, 
compare the two. AVooden beams will not bend, but may 
crack or break. In this case they should be replaced. 

Examine all the bolt holes through the beam (wooden beam) . 
Test to see if the bolts completely fill the holes in the beam. 
If they do not, the bolts will loosen when the plow is in operation, 
making it impossible to keep the parts properly adjusted. 
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There are two methods by which this condition may be reme- 
died: 


(a) By using a larger bolt: To do this it is usually neces- 
sary to enlarge the hole through the metal part also, so that 
the larger bolt will pass through it. This may be done by 
drilling or reaming out the hole. If the hole needs to be 
enlarged only slightly, the work may be done with a round 
file. 

This method is the best to use where the metal part is of 
such a size that a larger hole will not be likely to weaken it. 

(b) By shaping a hard- wood plug to fit the hole: Cover 
the plug with glue and drive it into the hole. When the glue 
is set, bore out the hole to its original size, and use the same 
size bolt. This method is best where the metal piece is 
likely to be seriously weakened if the hole through it is 
enlarged. 

These two methods will be found useful in repairing 
many kinds of farm machines. 

7. Sharpen the jointer. This may be done by grinding it 
on the grindstone or ornery wheel on the under side of the cutting 
edge. 

8. Inspect the bearing of the gauge wheel. This is usually 
made so that it can easily be replaced when worn. 

9. Tighten the bolts that hold the vertical clevis to the 
beam. Examine the clevis bolts and replace them if they are 
worn. 

10. Examine the cveners. Walking-plow eveners are usu- 
ally made of wood. The single-tree hooks sometimes get 
loose, and the bolts or pins through the single-tree straps and 
evener straps should be made to fit properly the hole through 
the w^ood. (See Operation 6 of this job.) 

11. Tighten the bolts that attach the handles to the plow 
bottom. Examine the handle braces. Replace broken or 
si)lit handles. 

12. Paint all the metal and wooden parts of the plow except 
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the wearing surfaces of the share, moldboard, and landside. 
These surfaces should be covered with a thick coating of heavy 
grease. This prevents the rusting of these highly polished 
parts, and the grease can be easily wiped off when the plow is to 
be used again. Rust is the great enemy of farm machinery. 
Plow bottoms, in particular, are quickly damaged by rust. A 
small rust spot on the share or moldboard of the plow may 
cause a great deal of trouble and make good plowing impossible. 

All farm machines should be painted before they are stored 
away after the season's work. Paint costs little and greatly 
lengthens the life of machinery. A good repair job is not com- 
plete without painting. 
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Job No. 2 

TO SHARPEN PLOW SHARES 

Operations Necessary to Perform the Job. 

1. Determine what material the share is made of (see p. 9). 

2. Grind chilled cast-iron shares on the emery wheel or grindstone. 

To sharpen soft-center steel shares: 

1. Secure suitable fire in the forge. 

2. Draw an outline of a new share on the floor with chalk. 

3. Heat the share in the fire as directed in the ‘^Description of 

Operations.’’ 

4. Hammer the heated portion of the share on the upper side. 

5. Heat and forge the share point. 

6. Bend the share point down to give vertical suction. 

7. Temper the cutting edge of the entire share. 

Description of Operations. 

1. Determine whether the share is made of chilled cast iron 
or soft-center steel (see p. 9). Cast-iron shares cannot be 
forged. 2. If the share is made of chilled cast iron, grind the 
entire cutting edge on the emery wheel or grindstone. It should 
be ground to an abrupt beveled edge. A thin edge will not have 
the strength to resist the severe wear to which plow shares are 
subjected. Make the edge sharp but with an abrupt, steep 
angle. Grind on the upper side of the share. 

Chilled-iron shares that are worn to the extent shown in 
Fig. 13 have lost their land and vertical suction. It is useless 
to sharpen such shares, as they cannot be restored to their 
original shape. Such shares should be replaced with new ones. 
Chilled-iron shares cannot be heated and forged. 

Sharpening Soft-center Steel Shares (Fig. 15). 

Note , — Sharpening steel shares is the most difficult of all 
plow-repair work. It is discussed here because a knowledge 
of the proper shape of the share and of the importance of sharp 
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shares is vital. Unless the student has ample opportunity for 
practice and has had some previous experience in working steel, 
this problem had better be delayed until the latter part of his 
course. The various steps given below should, however, be 
carefully studied ; or, better still, the student should be afforded 
the opportunity of watching a skilled blacksmith reshape and 
sharpen a soft-center steel share. 

1. Obtain a good, clean coke fire in the forge, 



Fig. 15. — Sharpening soft center steel ])lo\v shares. 


2. Draw with chalk on the floor the outline of a new share. 
This will serve as a guide in reshaping the worn share. 

3. Put the share in the fire as shown in Fig. 15, A, and lu^at it 
to a dull cherry red, but no hotter. Heat only a few inches of 
the cutting edge of the share, or just as much as can be ham- 
mered at one time. This is accomplished by keeping green coals 
under the share except for the few inches that are to be heated. 

4. Hammer the heated portion of the edge, as shown at /f, 
with the bottom of the share fiat on the an\il. The share is 
liammered on the upper side, and is thus drawn down to a keen 
cutting edge. 

Continue this process until all the cutting edge of the share 


SULKY PLOWS 


25 


has boon hammered and it coincides as nearly as possible with 
the chalk outline of a new share. 

5. Place the share point in the fire and heat it to a cherry 
red. Forge it out until it has the proper shape. To determine 
this, check it with the chalk outline on the floor. 

G. Heat the point again and bend it down about I to yq in. 
To do this, hold the share on the anvil and strike it lightly with 
the hammer as shown in Fig. 15, C. This will give a gradual 
downward slant to the share point. Do not strike the point 
where it extends beyond the anvil. 

7. Temper or harden the share by drawing it slowly through 
the fire with the cutting edge down (D). The entire share 
should be heated to a uniform cherry red for about ^-in. back 
from the cutting edge. AVhen the point and entire cutting edge 
have reached this heat, withdraw the share from i\u) fire and 
place it in the ground as shown at (K). Let it remain in this 
I)osition until thoroughly cooled. 

SULKY PLOWS 

A sulky plow may be defined as a single-bottom wheel plow 
on which the operator rides. Figure 3 shows a sulky plow. 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Plow Bottom. — The sulky-plow bottom is made up of the 
same parts as the walking-plow bottom, namely, the frog, share, 
landside, and moldboard. The construction of some of these 
parts in the sulky plow, however, is somewhat different from 
their construction in the walking plow. 

(a) Share . — The point of the sulky-plow share is bent down- 
ward and to the side, to give vertical and land suction, as in the 
walking plow, but the sulky-plow share has no wing bearing. 
The reason for this will be mentioned a little later, under “ Set 
of the Sulky-plow Bottom.'" Figure 16, a, shows the .point of a 
sulky-plow share, viewed from the landside. The shares are 
usually of the quick-detachable type. Bolted shares are not 
often used. 
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(b) Landside . — The sulky-plow landside (Fig. 16, h) is not 
as long as the walking-plow landside. These landsides are not 

furnished with the detachable sole, 
and the heel of the landside is not 
reinforced. Long, heavy landsides 
are not necessary, as will be ex- 
plained under “ Set of the Sulky- 
plow Bottom.^' 

(c) Moldboard . — The moldboard 
is similar in construction to that 
of the walking p)low. All of the 
three general classes of moldboards 
— breaker, general-purpose and stubble — are furnished on 
sulky plows. 

Set of the Sulky-plow Bottom . — The sulky plow has a one- 
point bearing, not a three-point bearing like the walking plow. 
If a sulky plow is placed on a floor and properly leveled (to do 
this it is necessary to place about a G-in. block under the high, 
or land, wheel), when the plow bottom is lowered only the share 
point touches the floor. The heel of the landside and the wing 
of the share do not touch (Fig. 16). 

Thus when the plow is in operation the point of the share 
is lower or deeper than the heel of the landside. The heel of the 
landside does not bear heavily against the bottom or the side 
of the furrow, as it does in the walking plow. The wheels of 
the sulky plow carry the weight of the plow bottom and also 
ndieve the landside of much of the side pressure. When a prop- 
erly adjusted sulky plow is in operation there should be but 
slight pressure between the landside heel and the bottom of the 
furrow and also but slight pressure between the landside and 
the furrow wall. 

The sulky-plow share has no wing bearing at the outer edge 
of the share. This is not required in sulky plows because the 
wheels support the plow bottom evenly and keep it running 
steadily. 

2. Beam. — The sulky-plow beam is made of high-carbon 



Fig. 16. — Set of the sulky-plow 
bottom. 
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steel. It is bolted to the plow bottom in the same manner as 
described under walking plows. 

3. Frame. — The frame (Fig. 17, a) is made of flat bars of 
heavy steel. The wheels and axles are attached to the frame 
and the plow bottom is hung from it. The frame should be 
made of tough steel and must be well braced. 

4. Bails. — The bottom of the standard sulky plow is attached 



Fkj. 17. — Sulky plow. 

to the frame by means of the bails which connect the frame 
and the beam. Sulky plows are made with one or two bails. 
Each bail has one bearing on the beam and two on the frame. 
The bails act as cranks to aid in lifting and lowering the plow. 

All wheel plows have a decided advantage over walking 
plows, in that the plow bottom may be easily lifted from the 
ground at the ends of the field, or when being transported to or 
from the field. It is not necessary to drag the plow bottom 
along the ground as is the case with the walking plow. 
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6. Lifting Lever (Fig. 18, a, b and c). — A foot lever is usually 
provided for lifting and lowering the plow. This lever is con- 
nected between the beam and the frame. Usually two foot 
pedals are provided to operate this lever, one to lower the plow 
and the other to raise it. When the plow is lowered the bails 
rest against the bail stops. These cause the plow bottom to 
ride steady and make the connection between the frame and the 

plow bottom more rigid. Figure 
18 shows the foot lift lever in the 
lifted position. 

By means of the set screw (6) 
it is possible to adjust the lifting- 
lever link (c) so that if the plow 
strikes an obstruction the jar will 
release the link and the plow will 
be lifted and pass over the obstruc- 
tion. This is desirable in plowing 
stony ground. A plow set in this manner is said to float.'^ 

6. Lifting Springs (Fig. 17, h and c ). — One or more heavy 
coil springs are connected between the frame and beam. These 
are called the lifting springs. They aid the operator in raising 
the plow. The tension of these sjirings should be tight enough 
to make lifting as easy as possible, but not so tight as to prevent 
the plow from entering the ground readily. This adjustment is 
made with the nut and eye bolt at the end of the spring. 

7. Wheels. — Sulky plows are usually provided with three 
wheels. 

(а) Land Wheel . — Figure 17, d, show^s the land wheel. It is 
so named because it runs on the unplowed ground, or land.’’ 
It is the largest of the three wheels and is placed on the same 
side of the plow as the landside. 

(б) Front Furrow Wheel. — I^igure 17, e, shows the front fur- 
row wheel, which is smaller than the land wheel. It is placed 
in front of the plow bottom and runs in the open furrow. 

(c) Rear Furrow Wheel (Figure 17, /) . — The rear furrow wheel 
is the smallest of the three wheels. It is placed directly 



Fig. 18. — Foot-lift lever used on 
sulky and gang plows. 
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behind the plow bottom and runs in the furrow opened by the 

latter. 

Alignment of Wheels . — The land wheel is set perfectly 
straight or vertical. It should travel forward in a straight line 
as indicated in Fig. 19, c. 

The front furrow wheel is usually set at an angle, as shown 
in Fig. 19, a. This setting resists the side pressure exerted 
against the moldboard by the furrow. The front furrow wheel 
is also set to travel slightly toward the 
land, or is said to lead toward the land 
(notice the arrow at a in Fig. 19). The 
‘dead” of this wheel is controlled by a 
small lever called the landing lever. This 
is connected to the axle. This “ lead ” 
toward the land aids in maintaining fur- 
rows of even width, particularly On hill- 
sides. The landing lever is helpful when 
the operator is straightening out a crooked 
furrow. The rear wheel is also set at an 
angle and is given a “lead” away from _ ... 

the land (notice the arrow at h, Fig. 19). ^^cels. 

The amount of lead is adjustable. This 
wheel should run a trifle closer to the furrow wall than the 
landside. The angle at which it is set, the lead away from 
the land, and its placement close to the furrow wall all help to 
reduce the pressure against the landside. 

8. Axles. — The axles provide a bearing for the wheels and 
connect the wheels to the frame of the plow. The land-wheel 
axle is attached to the frame by means of a bracket. The axle 
passes through one bearing in the bracket and into another 
bearing on the frame. The land axle is shaped so that the land 
wheel will set vertically. Axles are made of high-carbon steel. 
If an axle becomes bent or sprung, the plow is thrown out of 
adjustment and will not work properly. A bent axle may be 
straightened by the method used in Job 1 for straightening a 
steel beam, 




30 


PLOWS 


The axle for the rear furrow wheel is shaped as shown at 
gy Fig. 17. This sets the wheel at an angle. The axle passes 
through a bracket on the rear of the frame. It may be raised 
or lowered slightly by loosening the set screw in the collar 
through which it passes. This adjustment is used to control the 
vertical suction of the plow bottom. It should be set so that 
the heel of the landside is about \ in. above the floor when the 
plow is level. (Sec “ Set of the Sulky Plow.'O 

9. Levers. — Two hand levers are usually provided on sulky 
plows. 

(a) The land-wheel lever is attached to the land-wheel 
axle. It is used to raise or lower one side of the plow. A 
ratchet with several notches makes various adjustments of 
this lever possible. The land-w^heel lever is sometimes 
called the leveling lever as it is used to keep the plow level 
(Fig. 17, h). 

(h) The front-furrow-wheel lever is connected to the front 
axle and the frame. It is also provided with a lever ratchet. 
The action of this lever raises or lowers the frame on the front 
axle. It is sometimes called the raising lever or the depth 



Fig. 20. — Steering de- 
vice for sulky and 
gang plows. 


lever ” (Fig. 17, j). 

Any ordinary change in depth can be 
made with these two levers. If considerable 
change in the depth of plowing is re- 
quired, it may be necessary to change the 
adjustment on the axle of the rear furrow 
wheel and to change the position of the bail 
stops. 

10. Steering Device (Fig. 20). — Turning 
or steering the plow is accomplished by the 
action of the front and rear furrow wheels. 
These are connected by means of a long 
connecting rod (a). The pole is bolted on 
to the pole plate (d) . This is connected by 
a bracket to the axle of the front furrow 


wheel. As the horses arc swung to the left these parts take the 
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position shown in Fig. 20 for a left turn. When turned to the 
right they are in the opposite position. 

11. Clevises (Fig. 21). — A clevis bar (a) is used on sulky 
plows for the horizontal adjustment of the hitch. It has a 
series of holes which provide a wide range of 
adjustment. The clevis bar is bolted to the 
front end of the beam. 

A vertical clevis (6) is connected to the 
clevis bar. The various holes in this clevis are 
used for the vertical adjustment of the hitch. 

The evener clevis (c) attaches the eveners 
to the vertical clevis. 

Clevises are made of steel or malleable iron. 

Steel is the better as these parts are subjected to severe 
strain. 

12. Eveners. — The eveners are made of wood or steel. A 
three-horse evener is usually furnished with sulky plows. 

13. Coulter (Fig. 22, a ). — A rolling coulter is commonly used 
with the sulky plow, although some are equipped with a jointer 
such as that described for walking plows. The work performed 
by the rolling coulter, however, is quite different from that of 
the jointer. 

The edge of the rolling coulter is sharp. The coulter is 
placed so that its center, or hub, is almost directly above the 
share point. The sharp edge cuts the side wall of the furrow. 
It is usually set to penetrate about half the depth of the furrow, 
and is placed about ^ in. inside (toward the land) of the landside. 
Definite instructions for setting the coulter are given on page 41. 

The coulter yoke (b) is provided with a bearing on which 
the coulter blade revolves. These bearings should be well 
lubricated and must be renewed when worn, as a loose bearing 
causes the coulter to wobble and do poor work. 

The coulter shank (c) connects the coulter to^ the plow 
beam. The lower end of the shank passes through the yoke 
and is secured by means of a set screw and collar. The upper 
end, which is square, is bolted to the plow beam with a clamp 



Fig. 21. — Clevises 
used on sulky and 
gang plows. 
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(d). A wrench is used on this square end to set the coulter 
toward or from the land. 

The use of the coulter improves the plowing;. If properly 
adjusted, the coulter leaves the furrow wall clean-cut and the 
furrow bottom clean. It also reduces the draft of the plow, 
as the side wall of the furrow is cut by the sharp, shearing action 
of the coulter, instead of being torn loose by the shin of the 
moldboard. 

14. Combination Coulter and Jointer (Fig. 22). — The coulter 

and jointer are often used in 
combination, as shown in Fig. 22. 
This is very desirable as the ad- 
vantages of both are obtained. 

The jointer works better when 
used in combination with the 
coulter than when used alone. 
The coulter cuts the surface trash 
into short lengtiis so that it will 
not catch and drag on the jointer 
but is completely inverted and 
cov(aed. 

The jointer is connected to 
the yoke of the coulter. It. is 
adjusted so that the point is directly below the coulter hub and 
just clear of the coulter blade. 

16. Pole and Neckyoke. — The pole is bolted to the pole 
plate (Fig. 10, d). Its function is to steer or guide the plow. 
The neckyoke is attached to the front end of the pole by means 
of an eye bolt. 

16. Weed Hook.— Fig. 23, o, shows the location of the 
weed hook. This is used when plowing under a high surface 
growth of weeds or a crop of gnnm manure. The use of weed 
hooks helps to cover surface growth completely. 



S' 


Fig. 22. — Combiiuifion coulter 
and jointer. 
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GANG PLOWS 

A gang plow may be defined as a riding plow with two or 
more plow bottoms. Two-bottom gang plows are used very 
generally. Fourteen-inch bottoms are the most common size. 

The chief advantage of the gang plow is that one man can do 
nearly twice as much plowing in a day with this plow as he can 
do with a sulky plow, and more than twice as much as with a 
walking plow. More horses are necessary to pull the additional 
plow, but om^ man can control the work of the two plow bottoms 
almost as easily as he can control that of one. 

CONSTRUCTION AND PRINCIPAL PARTS 

The construction of the gang plow and the location and 
adjustment of the various parts are practically the same as in 
the sulky plow. C'onseqiumtly, only the few differences in 
construction and adjustment will be discussed here. 

1. Beams. — The beams are made of steel. They should be 
well braced both at the front 
and at the rc^ar of the plow, 
l^hc'y must be so designed 
that there is ample space be- 
tween them, so that the two 
plows will not interfere with 
each other. To accomplish 

this, one plow is set well ahc^ad oo i ^ j 

^ 1 !(}. 23. — Gang-plow beams and 

of the other. J3eain clearance bottoms, 

is measured as indicated at h 

in Fig. 23. Throat clearance is measured as indicated at c in 
Fig. 23. 

2. Landsides. — The landside on the rear plow is similar to 
that used on the sulky plow. The front plow of the gang has a 
very short, stub landside. The furrow wall against which this 
landside would bear is removecl by the cut of the rear plow. 
A long landside on the front plow would prevent the proper 
turning of the furrow by the rear plow. 
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3. Alignment of Wheels. — The front furrow wheel is given 
more lead toward the land, and the rear furrow wheel more 
lead away from the land, than on the sulky plow. 



Fig. 24. — Gang-plow eveners “4-horsc abreast hitch.” 


4. Clevis Bar (Fig. 21, a ). — The clevis bar used on the gang 
plow extends across the front of both beams. It provides a 

wide range of hori- 
zontal adjustments 

j ¥ a Eveners. — 

C " m * Four- or five-horse 
^ eveners are usually 

furnished with gang 
plows. Figure 24 
shows one type of 
four - horse evener. 
This is known as a 
four-horse abreast ” 
hitch, that is, the 
I horses are all in one 

I line. Figure 25 

ir\uiiii[iiuiii laMpatf A shows a five-horse 

tandem or strung- 
Q out hitch. The 

horses are more 

Fig. 25.-Gang-plowrvoners five.horse ‘‘strung-^ 

out hitch.” 1 1 , 

hitched abreast, but 

the tandem hitches bring the horses almost directly ahead of 
the load they pull. This is a distinct advantage as is explained 
on page 55. 
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FRAMELESS RIDING PLOWS 

The riding plows described in the foregoing pages are known 
as “ high-lift ” plows, that is, the entire plow bottom may be 
lifted quite clear of the ground. To obtain this high lift a com- 
plete frame is necessary. 

Riding plows are also built without frames and are then 
called “ low-lift ” plows. The axles of the land wheel and 
front furrow wheel are carried in bearings bolted to the beam. 
By means of levers these axles serve to raise or lower the point 
of the plow. The heel of the plow is not lifted by the levers. 
Both the front and rear furrow wheels are castered so that short, 
square turning is possible. A turn in either direction may be 
made without raising the plow from the ground. This type of 
plow is usually operated without a pole. The direction of pull 
on the clevis controls the steering of the plow. 

TRACTOR PLOWS 

Tractor moldboard plows may be divided into two main 
class : 

1. Rigid-beam plows; 

2. Independent-beam plows. 

The former is now the more widely used. In the rigid-beam 
plow the beams are bolted together and all the plow bottoms 
are raised or lowered as a unit; while in the independent-beam 
plow each beam is free and may be raised or lowered indepen- 
dently. Rigid-beam plows are furnished with from two to four 
plow bottoms. The lifting mechanism of the rigid-beam plow 
is simpler than that of the independent-beam plow. 

Independent-beam plows are used where sufficier.t power 
is available to pull a large number of bottoms. From four to 
twelve bottoms are commonly used, the number depending upon 
the amount of power available. Such plows are used on large 
fields, where long trips back and forth are possible and where 
there is plenty of room for turning. These plows are made 
principally for breaking virgin soil. 



36 


PLOWS 


Each plow is hinged separately to the frame. By means 
of a hand lever, any one plow bottom may be raised without 
interfering with the rest. A master lever, which raises all the 
bottoms at the same time, is also provided. 

A power-lift device is operated by the motion of the land 
wheel, so that the lifting of the plows is not dependent upon 
hand levers alomi. 

lOach plow bottom follows the contour of the ground inde- 
pendently. This results in even depth of plowing and uniform 
furrows. The i)ower-lift dcndcc's cause the various plows to be 
lifted in succession, beginning with the one farthest ahead. 
This means that each i)low will plow exactly the same length of 
furrow. The plows also enter the ground succ('ssively. This 
is necessary where a large number of bottoms are used. If the 
plows all entered the ground at the same time the forward one 
would bo many h'et ahead of the rear one. The same would be 
true if the plows were all lifted from the groiind at the same time. 
This would leave tluj ends of the field very uneven. 

On rigid-beam plows the plow bottoms do not enter or leave 
the ground on a line; that is, the forward plow has plowed a lit- 
tle further toward the end of the field than the rear one. The 
ends of tlic furrows, therefore, are not exactly even. This is 
not a serious objection, however, as the irregularity is slight 
because few bottoms are us(hI on rigid-beam plows. 

As rigid-beam tractor plows are much more widely used than 
independent-beam plows, they will be discussed at some 
length here. They are built in sizes suitable for use with the 
popular si-zes of tractors (tractors from S to 15 draw-bar horse- 
power). Twelve or 14-in. plow bottoms are commonly used. 


CONSTRUCTION AND PRINCIPAL PARTS 

In many ways the construction of tractor plows and their 
various parts and adjustments are very similar to those of sulky 
and gang plows. Much of the information given about the 
latter applies as well to tractor plows. 
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The set of the plow bottom and the adjustment of the 
wheels, coulters, and jointers of the tractor plow is substantially 
the same as for a riding plow. The various parts used are 
also similar. Only the principal differences will be discussed 
here. 

1. Lifting Device (Figs. 26 and 27). — Tractor plows are 
raised and lowered by means of a ^'power-lift,^^ which is usually 
operated automatically by the land wheel. The power of the 



Fig. 26. — Construction of power 
lift used on tractor jdows. 


Fkj. 27. — One type of power lift 
used on tractor plows. 


revolving land wheel is transmitted, when desired, by a clutch, 
through chains or gears, to a lifting crank. When the clutch 
(Fig. 26, a) is engaged by means of the roller its power is trans- 
mitted to the power crank (Fig. 27, b) through the gears (Fig. 
27, a). The motion of the power crank raises all the plow 
bottoms evenly from the ground. A trip lever, operated from 
the tractor seat with a rope or rod, is used to control the power- 
lift clutch. When the plow is raised the roller (Fig. 26, a) 
enters one of the recesses in the landwhecl (Fig. 26, b). Then 
the clutch revolves with the wheel. When the clutch is dis- 
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engaged the roller is locked away from the recesses and the 
wheel revolves without driving the clutch. 

2. Wheels. — Two-wheel tractor plows are becoming quite 
common for the two-bottom plow sizes. Three- or four-bottom 
plows usually have three wheels. 

Tractor plows that have no wheels have also been designed 
and are in use. The plow is carried on the tractor and may be 
raised clear of the ground (Fig. 7). 

3. Draw Bar. — The draw bar on a tractor plqw has the 



Fig. 28. — Tractor-plow draw bar. 


same function as the eveners on a riding plow. It connects the 
load to the power and must provide means for the correct adjust- 
ment of the hitch, both horizontally and vertically. The vari- 
ous parts of the draw-bar connections of a standard tractor plow 
are shown in Fig. 28, where the vertical adjustment is seen at 
a and the horizontal adjustment at h. The hitch adjustments of 
the tractor plow will be discussed in Job 4, 
page 54. 

Some means is usually provided in the 
draw bar for automatically uncoupling the 
plow if a rock or other obstruction is struck. 
This prevents serious damage to the plow 
and possible injury to the operator of the 
tractor. Figuie 29 shows a spring release. 
The coupling that connects to the tractor draw bar is held 
in place by the coil spring. Unusual pressure or a severe jar 
on the plow will compress this spring to such an extent that 
the coupling will slip from the draw bar and release the plow. 

Figure 28, d, shows a wooden break pin in the draw bar, used 
to accomplish the same purpose. 



Fig. 29. — Draw bar 
coupling with spring 
release. 
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4 . Axles. — Fig. 30 shows how the axles are attached to the 
beams. Large steel boxes provide bearings for the axles. 



Flo. 30. — Connection of tractor-plow axle to frame. 


Because of this method of attaching the axles, tractor plows lift 
high. The entire bottom lifts clear of the ground, even though 
the plow is made without a frame. 
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LABORATORY STUDY NO. 2 

To inspect, study, and adjust a riding plow (sulky or gang). 
Equipment Necessary. — A riding plow, complete with all 
parts. 

Procedure. 

1. Plac(^ a (i-in. block of wood under the land wheel. Lower 
the plow until the share point touches the floor. Level the 
frame of the plow by m(\ans of the leveling lever and the depth 
lever. Measure the clearance under the heel of the landside 
(Fig. 10, h). This should be about I in. 

2. Locate the bails and bail stops. 

(a) When the plow is lowered, do the bails rest against 
the bail stops? 

(h) How are the bail bearings lubricated? 

3. Locate the lifting lever. 

(a) Is this a hand lever or a foot lever? 

(b) llow is the plow set to float? 

4. Adjust the lifting s])rings to the proper tension. 

5. Locates and examine the rear furrow whc'el and axle. 

(a) llow may this Avheel be adjusted to “ lead away 

from the land? 

(b) ('an the frame be raised or lowennl on the rear 

axle? 

(c) Is an adjustment j^rovided to move the rear axle 

(and rear furrow wheel) toward or away from the 
land? 

Note. — ('ll! many riding plows, three adjustments are possible 
at the rear axle : 

(a) lead of the furrow wheel away from the land; 

{b) vertical adjustment of frame on the rear axle; 
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(c) horizontal (lateral) adjustment of the rear axle, by 
means of which the rear furrow wheel is moved 
nearer to or farther from the land. 

6. Locate and examine the front furrow wheel. 

(а) How is this wheel adjusted to lead toward the land? 

(б) Is this wheel inclined at an angle with the vertical? 
(c) On a plow with 14-in. bottoms, how far should the 

land wheel be set from the landsidc of the first 
plow? 

7. Adjust tlie depth of the rolling coulter so that it will cut 
about one-half the depth of the furrow. To do this, loosen the 
nuts shown at d in Fig. 22 and move the coulter shank up or 
down as required. 

8. Set the coultcT about ^ in. to the land. This is done by 
loosening the nuts at d, Fig. 22, and turning the square end of 
the coulter shank with a wrench. Turn it until there is | in. 
between the (*oulter and the landside. 

9. Examine the hand levers. 

(a) What is the purpose of each? 

(b) Which lever should be used for leveling? 

(c) Which lever should be UvSed for changing the depth 

of plowing? 

10. Examine the clevises. 

(a) What material is used in the clevises? 

(h) How is the clevis bar attached to the beams? 

(c) How many holes are provided for tln^ lat,(‘ral or hori- 

zontal adjustment of the hitch? 

(d) How many holes are provided for the vcTtical adjust- 

ment of the hitch? 

11. Answer the following questions about the eveners: 

(а) Are they designed for a tandem or abr(‘ast hitch? 

(б) For how many horses? 

(c) Of what material are they? 
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Job No. 3 

TO REPAIR A RIDING PLOW (SULKY OR GANG) 

Operations Necessary to Perform the Job. 

1. Sharpen or replace shares. 

2. Replace landside (if necessary). 

3. Tighten all parts of plow bottom to secure smooth, even joints. 

4. Inspect beams. 

5. Replace worn wheel boxes. 

6. Adjust bail bearings. 

7. Adjust tension of lifting springs. 

8. Sharpen and adjust coulters and jointers (if used). 

9. Tighten all bolts. 

10. Inspect axle brackets. Replace if badly worn. 

11. Adjust rear wheel scraper. 

12. Cover the plow-bottom parts with a coating of heavy grease. 

Paint all other parts. 

Description of Operations. 

1. Examine the share for sharpness and for horizontal and 
vertical suction. If the share is dull or worn out of shape, 
sharpen or replace it as described in Job No. 2. 

2. Examine the landside for wear, particularly at the heel. 
Replace it if necessary". 

3. Fit the plow-bottom parts carefully. Even joints must 
be secured between the share and moldboard and between the 
share and landside. When fitting on a new or resharpened 
share or a new landside, one may find that it does not make 
a good joint with the other parts of the plow bottom. One of 
the surfaces may project beyond the other. This condition 
may prevent the plow bottom from scouring properly. Shim 
up the low part with sheets of cardboard. 

4. Examine the beams. Remove and straighten as de- 
scribed in Job No. 1 if any are bent. 

5. Test all the wheel bearings for wear. If they are badly 



TRACTOR PLOWS 


43 


worn, new wheel boxes should be put in. Worn wheel bearings 
cause the wheels to wobble and throw the plow out of adjust- 
ment. /The wheel boxes are usually held in place in the hub 
of the wheel by one bolt. Take out this bolt and the wheel box 
may be driven out and the new one slipped in. 

Grease all the wheel boxes liberally before replacing the 
wheels on the axles. 

6. Examine the bail bearings. If the bails are loose in the 
bearing, the upper half of the bearing may be ground or filed 
down to make a good fit. 

7. Adjust the tension of the lifting springs (see page 28). 

8. Adjust the coulters and jointers. Both should be kept 
sharp. They may be ground on the grindstone or emery wheel. 

9. Examine and tighten all bolts on the plow bottom, frame, 
beam axle brackets, clevis bar, beam braces, etc. 

10. Examine the axle brackets and the collars securing the 
axles to the plow. Tighten the set screws or pins used in these 
collars. Badly worn axle bearings or brackets should be 
replaced, as they make it impossible to keep the wheels properly 
adjusted. 

11. Tighten the set screw or bolt holding the rear wheel 
scraper (Kig. 17, k). This should be adjusted so that the 
scraper centers on the middle of the rim of the wheel. The 
blade of the scrapcT should clear the wheel about \ in. 

If the rear furrow wheel becomes caked with mud when plow- 
ing, the diameter of the wheel increases. This changes the 
adjustment and causes the plow bottom to ride on the point, 
which results in poor plowing. 

12. Cover the share, moldboard, coulter, and jointer with 
grease to prevent rusting. Paint all other parts of the plow, 
including the pole and eveners. 

The directions given above will also apply to the repair of 
rigid-beam tractor plows, but in addition the following opera- 
tions are necessary. 

13. Take apart the power-lift clutch (Figs. 26 and 27). 
Inspect these parts carefully. Replace worn parts or weak 
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springs. Clean out the clutch parts with kerosene. Reassem- 
ble the clutch and lubricate it well. 

14. Inspect the draw bar and its connections. Replace 
any worn pins or bolts used in the draw bar. If wooden break 
pins are used in the draw bar, make up a supply of these pins. 
If the draw bar has a spring release take it apart and dip the 
parts in oil to prevent their rusting. Rust sometimes prevents 
this release mechanism from operating. 
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LABORATORY STUDY NO. 3 

To inspect, study, and adjust a rigid-beam tractor plow. 
Equipment Necessary. — A tractor plow, complete with all 
parts and attachments. 

Procedure. 

1. Place a 6-in. block of wood under the land wheel. Lower 
the plow to the floor by releasing the power-lift device. Level 
the plow and measure the clearance under the heel of the land- 
side (Fig. 16, b). 

2. Inspect the adjustment of the coulters. 

(a) Is the adjustment correct? 

(b) Are the coulters sharp? 

3. Inspect the adjustment of the jointers. 

(а) Is the adjustment correct? 

(б) Arc the jointers sharp? 

4. Test the tension of the lifting springs. 

(a) Are they properly adjusted? 

5. Measure the beam clearance (Fig. 23, 6) and the 
“ throat clearance ” (Fig. 23, r). 

(a) Why is it necessary to have ample space at these 

points? 

(). Examine the power lift. 

(tt) Which wheel operates it? 

(b) How is the motion of the plow wheel transmitted to 

the clutch of the power lift? 

(c) How does the motion of the power-lift crank raise 

the plows? 

(d) Is the rear of the plow lifted clear of the ground? 

(e) How is the power lift controlled by the tractor 

operator? 
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7. Locate and name all the levers. 

(а) What is the purpose of each? 

(б) Which is used for adjusting the depth? 

(c) Which is used for leveling? 

8. Examine the tractor draw bar. 

(а) How is the hitch adjusted vertically? 

(б) How is the hitch adjusted horizontally? 

(c) What safety release device is used? 

9. Examine the front furrow wheel. 

(a) How is it secured to the axle? 

(b) Can it be adjusted in or out on the axle? 

(c) Determine where it should be set on the axle? 

(d) What would be the effect of having this wheel set too 

close to the furrow wall? 

(e) How is this wheel lubricated? 

10. Examine the rear wheel (if one is used) and rear axle. 

(а) How many adjustments are provided on the roar 

wheel? 

(б) What advantage has a solid rear wheel over an opc^n- 

type rear wheel? 

(c) How is this wheel lubricated? 

(d) How is the dust and dirt kept out of the wheel 

bearings? 

11. Examine the plow bottoms. 

(а) What material is used in their construction? 

(б) Are the shares bolted or quick-detachable? 

(c) Is the share properly shaped? 

(d) How does the landside of the r(\ar plow bottom com- 

pare in length with the others? 

{e) What type of moldboard is used? 

12. Study the method of attaching the wheel axles to the 
beams. 

(a) Do the axles pass over or under the beam? 

{h) How are the axles held in place in the axle bearings? 
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HILLSIDE PLOWS 

Plowing on steep hillsides often requires a special type of 
plow because of the difficulty of inverting the furrow when it 
must be turned uphill. This is necessary half the time if ordi- 
nary moldboard plows are used. These turn the furrow to the 
right, and are, therefore, often referred to as “ right-hand ” 
plows. 

Figure 31 shows a walking plow designed especially for hill- 
side work. The moldboard may be reversed or swung from 
one side to the other. On the first trip across the field the fur- 



Courtesy of Wiard Plow Co. 
Fig. 31. — Hillside or swivel walking plow. 


row may be turned toward the operator’s right. At the end of 
the field the plow is reversed, and on the return trip a second 
furrow is thrown against the first, but this time the furrow is 
turned toward the operator’s left. 

For plowing steep hillsides this typo of plow is widely used, 
as all furrows may be thrown downhill. It also makes possible 
the elimination of all dead furrows (ditches) in the field. Dead 
furrows are quite objectionable in hillside fields because they 
form gullies which may cause washing away of the soil. 

When the moldboard is reversed at the end of the furrow, 
the jointer is automatically moved also, so as to be in the 
proper position for the next furrow. The clevis also is moved 
over into the proper line of draft for the new setting. The 
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moldboard is secured in cither the right- or left-hand position 
by a spring-pressure lock. 

A two-way sulky plow is shown in Fig. 32. This plow 
has the same advantages as the hillside or swivel plow. One of 
its plow bottoms is right-hand, and the other left-hand. Only 
one of the plows is in action at one time. Fig. 32 shows the 
k^ft-hand plow in position to turn a furrow, while the right- 
hand plow is raised. On th(5 return trip the left-hand plow 
is raised, and the right lowered into the working i)Osition. Thus 



Courtesy of Oliver Chilled Plow Co. 
Fig. 32. — Two-way sulky plow. 


the second furrow is laid against the first. In this way an 
entire field may be plowed without leaving any dead furrows. 

The hitch or clevis shown at the front of the plow, shifts 
automatically from one plow to the other so as to maintain the 
proper line of draft. 

On steep hillsides it is usually necessary to shift the pole 
slightly toward the land in order to keep the plow cutting a uni- 
form width of furrow. A special lever, called the landing lever, 
accomplishes this. It acts so as to incline the plow slightly 
uphill to overcome or offset its tendency to slip downhill. 
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LABORATORY STUDY NO. 4 
(Field Trip) 

To study the characteristics of good plowing; to judge 
plowing. 

(jood plowing is of fundamental importance to the pro- 
duction of crops. It cannot be done without a thorough under- 
standing of plow construction and the purpose of the various 
parts. The ability to make the necessary adjustments can be 
gained only by experience and keen observation. Definite or 
set rules for plow adjustments cannot always be given. Soil 
conditions vary to such a degree that a plow properly adjusted 
for work in one field might not do satisfactory work in another. 

The student must first learn to recognize the characteristics 
of good plowing, in order that his objective may be clearly in 
mind. 

Some of the more important of thovso characteristics are 
listed below. The stude^nt should und(^rst.and the meaning of 
each one thoroughly. These are some of the standards by which 
plowing is judged in official plowing contests, which are often 
held in the United States. 

The score card that follows indicates fairly well the relative 
importance of eight necessary (pialities of good plowing. A 
plowed field that has mellow or old ground should be selected 
for this study. The judging should be done soon after the 
plowing is completed, as the various features mentioned in the 
score card stand out better when the plowing is fresh. 

Per Cent 

1. Furrows straight from end to end 10 

2. Back furrow slightly raised, and all trash in it covered. 10 

3. Ground thoroughly ]jiilverized from top to bottom of 

furrow. No air spaces left in plowing 20 

Note , — This rule does not apply to the i)lowing of sod or 
new ground, 

4. All trash and surfa(;e growth completely covered 20 
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Per Cent 


5. All furrows of equal depth and width 10 

6. Dead furrows free from unplowed ground 10 

7. Furrow crowns even: level-appearing field 10 

8. Proper and uniform depth in plowing headlands 10 


A brief explanation and discussion of each of these eight 
factors follows: 

1. Straight furrows depend to a great extent upon the skill 
of the driver. A plow that does not penetrate i)r6perly, how- 
ever, may result in crooked furrows even with an experienced 
driver. Lack of penetration causes the plow to swing to one 
side or the other and not follow directly behind the power draw- 
ing it. Improper hitching gives the same result. Plow hitches 
and the causes of lack of penetration will be discussed later in 
this chapter. Crooked furrows make it very difficult to plow 
out all of the ground in the back furrows, and also result in 
poor covering of surface growth. 

2. Plowing is usually begun in a field by striking out a back 
furrow. Most moldboard plows are right-hand, that is, they 
turn the furrow toward the right. The plow is drawn across 
the field, turning over the furrow to the right. At the end of the 
field the plow is removed or raised from the ground ; the opera- 
tor turns the implement around and plows back again across 
the field. The plow turns this furrow also toward the right. 
In other words, the furrow plowed on the return trip is turned 
against the one plowed on the first trip across the field. 

The furrows thus turned together are referred to as a back 
furrow. The top or crown of the back furrow (where the two 
furrows meet) may be slightly higher than other furrow tops. 
There should be no trash or grass showing through the back 
furrow. 

3. The amount of pulverization depends upon the shape of 
the moldboard, the speed at which the plow is drawn, and the 
condition of the soil. The speed is not subject to much varia- 
tion except with tractor plows. The second or intermediate 
speed, which gives a forward speed of about 2| miles per hour. 
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is the proper one for plowing with most tractors. The first 
or low speed, which results in less pulverization, must be used 
where plowing conditions are difficult. 

If the correct type of plow bottom is used and the plow 
penetrates well, good pulverization will be secured. 

The plow should leave the soil fine and mellow. Clods and 
air spaces in the plowing are objectionable. 

4. Trash and surface growth should be completely turned 
under. Weed hooks arc helpful in turning under a heavy 
growth of trash. The combination coulter and jointer, if prop- 
erly adjusted, will give good covering under most field condi- 
tions. 

5. Furrows should bo of equal depth in all parts of the field. 
This rule, of course, must be modified in fields where the subsoil 
is nearer the surface in some parts than in others. Very often 
only one depth adjustment may be made for the entire field. 
In some fields, however, it is necessary to change the depth 
adjustment freciuently. Borne spots are hard, while others in 
the same field are soft. 

6. A dead furrow is the open ditch or trench which occurs 
when adjacent furrows are thrown in opposite directions. In 
large fields where several back furrows are required, dead fur- 
rows cannot be avoided. 

The dead furrow should be made rather shallow, but no 
unturned ground should be left in it. Plowing out or finishing 
up the dead furrows is sometimes difficult. It is especially 
troublesome if furrows in the main parts of the field are not 
straight. 

7. (Careful driving is necessary to secure uniform width of 
furrows. This is true with both horse-drawn and tractor-drawn 
plows. The plow must be drawn so that each plow bottom cuts 
the same width. With gang plows or tractor plows it is neces- 
sary to adjust the hitch carefully so that the front plow will 
cut as wide a furrow as the rear plow (or plows). If it does not 
cut the proper width the top or crown of this furrow will not 
be level with the others, and each successive trip across the 
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jSeld will be marked by this one uneven furrow top. In good 
plowing, all the furrow tops are of even height. 

8. Headlands,” or strips of ground to turn around on, are 
left at each end of the field. With horse-drawn plows the 
headlands need not be very wide, but tractor plows require 
larger ones. A convenient width of headland for a two-bottom 
tractor is 25 ft. Headlands of this width are left on all four 
sides of the field. The last step in finishing the field is to plow 
the headlands. This is usually done by plowing clear around 
the field without removing the plow from the ground. The 
ground in the headlands gets packed and hard from the turns 
made on it when the main part of the field is being plowed. It 
is sometimes necessary, for this reason, to set the plow deeper 
when plowing the headlands. All the ground in the headland 
should be plowed, none missed. 
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Job No. 4 

TO “ LAY OUT,” “ OPEN UP,” AND PLOW A FIELD WITH TRACTOR 
PLOW OR RIDING PLOW 

(method used for a rp:ctangular field.) 

Operations Necessaiy to Perform the Job. 

J. Lay out field by making scratch furrows ])arallel with all four 
sides of field. 

2. Set stakes to mark point of o])eiiing first back furrow. 

3. Open up back furrow. 

4. Change adjustment of front furrow wheel. 

5. Adjust vertical and horizontal hibrhes. 

0. Adjust coulter and jointer. 

7. Jlegulate depth of plowing. 

<S. Plow out from back furrow until jdow strij) is desired width. 

0. Lay out more ‘‘lands/’ as reejuired. 

10. Plow out headlands. 

Description of Operations. 

1. Set the plow io penetrate very lightly. With the plow 
set just deep enough to make a deep scratch (called the scratch 
furrow) drive across one edge of the field so as to make a mark 
parallel with the edge of the field, and about 25 ft. in from the 
edge. (With horse-drawn plows the scratch furrow may be 
nearer the edge of the field.) 

Make similar marks on all four sides of the field. When 
completed, the scratch furrow should extend clear around the 
field, parallel with th(' sides. The 25 ft. space thus left at each 
edge of the field is called a headland.” Narrower headlands 
may be left when using walking jilows. 

2. Starting where the scratch furrows intersect at qne corner 
of the field, measure or pac(^ in about 60 ft. and set up a stake 
for a mark. Set up another marldng stake opposite the first 
at the other side of the field 60 ft. in from the corner where the 
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scratch furrows intersect. These two stakes indicate a straight 
line across the field. 

3. Drop the plow into its working position exactly on one 
of the stakes. Plow straight across the field toward the second 
stake. 

Lift the plow from the ground when the scratch furrow at 
the second stake is reached. Turn around to the right, pull 
back to the scratch furrow, and drop the plow again exactly 
on the scratch furrow. 

The plow should now be in such a position that its return 
trip across the field will throw the furrows back against those 
plowed on the first trip. This forms the back furrow. 

4. When opening up the back furrow with wheel plows, the 
front furrow wheel must be raised higher than it is after the 
back furrow is completed. After this it runs in the bottom of 
the open furrow, licence it must be set lower. 

5. To understand the principle underlying the problem of 
corn^ct plow hitchcis, it is necessary to understand the meaning 
of the expressions “ center of power ’’ and center of resistance.^’ 

The center of power, when two horses are used, is a point 
midway betw(^en the inside traces where they are attached to 
the collars of the horses. All the powcT exerted by the horses 
may be said to be concentrated at this point. 

The “ center of power ’’ on a tractor may bo considered as 
a point exactly in the middle of the draw bar (at the rear of the 
tractor). 

The center of resistance in a single-bottom plow may be 
considered as an imaginary i>oint about 2 ins. in from the shin 
of the moldboard. This point is indicated by the cross at a in 
Fig. 11. The “ center of resistance'^ on a two-bottorn plow 
would fall in the center of a line connecting these imaginary 
points on each moldboard. 

A perfect plow hitch is one that causes the “ center of resist- 
ance ” to fall directly behind the center of power." This 
means that the plow must be connected to the power (horses or 
tractor) so that these two points fall in the same line. With 
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such a hitch the draft of the plow is light. All the power is 
expended in pulling the plow forward, which is useful work. 

If the plow is hitched so that these two points are not in 
the same line, that is, so that the center of resistance falls to the 
right or left of the center of power, side draft ” will exist. 
The expression side draft ’’ refers to the tendency of these two 
centers (power and resistance) to work themselves into the same 
line when the plow is in operation. This tendency must be over- 
come by the steering of the tractor or the control of the horses. 
Otherwise either the plow or the powcT unit (horses or tractor) 
will move sidewards until the two points are in line. 

Power consumed because of side draft is wasted. A perfect 
hitch is not alwaj^s possible, however. In many cases the design 
of the tractors and plows will not permit of a connection that 
eliminates side draft entirely. 

A four-horse-abreast hitch, such as that illustrated in Fig, 
24 is always accompanied by a large amount of side draft. 
The center of power in this case falls in a line which passes 
through the centtT of the evener. It will bo found that this 
brings the center of power far to the left of the “ center of 
resistance,’^ even with a two-bottom plow. A four-horse, or 
even a five-horse tandem hitch (Fig. 25) brings the two centers 
closer together and eliminates much of the side draft. The 
four-horse-abreast hitch is prefernnl by many operators, how- 
ever, because they claim that the horses are more easily handled 
abreast than in tandem. 

Adjustments for bringing the center of power ” and '' cen- 
ter of resistance ” as nearly as possible into line are made with 
the horizontal or cross clevis (Mg. 21, a) on horse-drawn plows, 
and by means of the plow draw bar (Fig. 28, h) on tractor plows. 
These adjustments are referred to as the horizontal or lateral 
hitch. The limiting factor in adjusting the plow hitch is that 
the front plow bottom must always cut its full width. This 
means that the plow must be hitcluKl so that the landside of the 
first plow is about 14 ins. (12 to 10 ins., depending on width of 
plows used) from the edge of the previous furrow. In all cases 
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the two centers should be brought as nearly into the same line 
as possible. 

The vertical adjustment of the plow hitch is made by means 
of the vertical clevis (Fig. 11, h) on walking plows, and usually 
at the rear of the draw bar (Fig. 28, a) on tractor plows. 

A reference to the point indicating the center of resistance 
on a walking plow (Fig. 1 1, a) will show that this point is below 
the surface of the ground when the plow is in oi)eration. It is, 
in fact, down a little more than half the depth of the furrow. 

The center of power, however, is well above the ground. 
When horses are used it is at their shoulders. With tractors 
it is at the center of the tractor draw bar, which is from 12 to 
18 ins. above the ground. 

Because of the fact that the center of power is so far above 
the center of resistance, there is an upward j)ull on the plow 
or a tendency for the power to pull the j)low out of the ground. 
This is overcome by the vertical suction of the plow bottom. 

If the connection or hitch between the power and the plow 
is too low at the plow, the plow will not j)enetrate properly. 
There will be so much upward pull that it will not stay in the 
ground. 

If the connection is too high at the plow the plow will be 
pulled up at the rear end. It will ride on the point, and poor 
flowing will result. 

Securing a proper hitch is sometinu's a difficult problem. 
There are several indications of improper hitching that should 
b(‘ recognized quickly. 

J nd I cations of lin/proper Hitching: 

{(}) Broken or crumbled furrow wall. 

{Note . — This trouble may also be caused by the coul- 

t(irs being sot in too close to the shin of the moldboard.) 

{b) Dirty furrow bottom. 

(This may also be due to a poor coulter adjustment as 

w(dl as to a poor hitch.) 
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(c) Line of travel of coulters and line of travel of beams 
not parallel. 

Note, The coulters swing freely. Hence they are 
always drawn straight forward and always indicate the true 
lino of draft. The horizontal hitching of the plow should 
be adjusted so that the line of travel of the beams is parallel 
with that of the coulters. 

(d) Furrow bottom ragged or “ gouged.” 

This indicates that thevt^rtical hitch is too high at the plow. 
The plow is pulled up at the rear and is riding on the point. 

(c) Front furrow wheel ^ ^floats.” 

This means that the wheel rises from the ground and 
stops revolving. 

It is seemingly a (jueer fact that this may bo caused by 
cither too high or too low a vertical hitch. Too low a ver- 
tical hitch pulls the plow upward and reli(^vos the front fur- 
row wheel of any weight, with the result that it floats. 

Too high a vertical hitch pulls the rear of the plow up. 
The plow tlien rides on th(i plow bottom and not on the 
wheels, hence the front furrow wheel floats. 

(f) Uneven furrow crowns. 

Sometimes it will be noticed that each alternate furrow 
crown is low (with two-bottom plows) or every third furrow 
crown is low (with three-bottom plows). This is caused by 
the front plow cutting less ground (narrower furrow) than 
the rear plow. The horizontal hitch must be adjusted to 
correct this. 

If it is noticed that the sc^cond or third furrow crowns 
are high (when using two- or three-bottom plows) this indi- 
cates that the front plow is cutting too much ground (too 
wide a furrow). The horizontal hitch must be adjusted to 
correct this. 
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G. Adjust the coulter and jointer (see page 8i and Fig. 22). 

7. Regulate the plowing to the desired depth with the depth 
lever (Fig. 17, j). Level the plow with the leveling lever 
(Fig. 17, h). 

8. Plow back and forth around the first back furrow. Raise 
the plow each time the scratch furrow at the ends is reached, 
turn around to th(^ right, and drop the plow again exactly on 
the scratch furrow.' 

9. When the plowed strip has widened until it reaches the 
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Fig. 33. — Plowing with a big-base or wide-bottom tractor plow. Notice 
the complete covering of all surface growth and corn stalks. 


scratch furrow from which the distance to the stakes was meas- 
ured, lay off another strip to be plowed in the same manner. 
The back furrow for this strip will be 00 ft. from the edge of the 
plowing. This is 120 ft. from the first back furrow. These 
strips are called lands. It is necessary to have more than 
one strip, or '' land,^' on large fields, as otherwise a great deal 

^ Figure 34 shows the opening of a “land.” A big-base or wide-bottom 
plow is being used, resulting in the complete covering of surface trash. 
It is this type of plowing that helps to control the corn borer. 
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of time would be wasted in traveling across the ends of the 
plowed strips. The “ lands ” should be as nearly equal in width 
as possible. 

Where each new land is opened a back furrow ’’ is formed. 
At the finishing point, a “ dead furrow is formed between two 
lands. 

10. Plow the headlands after all the main body of the field 
is finished. . This may be done by. plowing clear around the 
field without raising the plow from the ground. 

Equal space was left on all sides when the field was laid out. 

If the trip around the field is started at the scratch furrow, 
the dirt will be thrown in, and the dead furrow will be left at 
the extreme edges of the field. 

If the trip around is started at the extreme edges of the field, 
the dirt will be thrown out and a dead furrow will be left where 
the scratch furrows were. 

It is a good plan to alternate each year th(? direction in which 
the headlands arc plowed. 


FIELD TROUBLES 

The more common field troubles met with in plowing arc 
listed below with their causes and remeclic*s. 

1. Plow Does not Scour. — This means that the soil sticks 
to the moldboard, instead of shedding or slipping off properly. 
Such a condition results in very poor plowing. The furrow 
crowns are not even, and the soil turned over by the plow is not 
well pulverized but is lumpy and cloddy and full of air spaces. 

The principal causes of this trouble are discussed in the para- 
graphs that follow. 

(a) Wro?ig 7 naterial in plow bottom. Sticky or heavy soils 
or soils with a large amount of clay require soft-center steel 
mold boards. 

In the lighter, sandier soils, moldboards of chilled cast iron 
scour better than those of soft-center steel. Select the mold- 
board best suited to the locality. 
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(6) Improper hitch. Either the vertical hitch or the hori- 
zontal hitch, if improperly adjusted, may cause scouring trouble. 
The soil must strike the moldboard at the proper angle to shed 
off properly. (Jhange the hitch so that the plow is drawn 
straight and runs level. 

(c) too wet. In many localities it is impossible to plow 
soon after a rain. The soil becomes so sticky that it will not 
scour off the moldboard. Under these circumstances, plowing 
must be delayed until soil conditions are suitable. 

{(1) Rusty mMhoard. liust on the moldboard is a common 
cause of this trouble. Soil particles stick to the pits caused by 
the rust. 

The remedy is to scour off the rust. This may be quickly 
done by plowing in a sandy field if such a field is available. If 
not, the rust must be scoured off with some abrasive material 
such as emery, 

(c) Soft spots on moldboard. Moldboards are sometimes 
faulty, small spots on their surfaces b(*ing softer than the adjoin- 
ing material. Such spots may be detc^Ied by drawing a file 
across the surface of the moldboard. The file will slide over the 
hard surface easily but will stick slightl}^ on any soft spots. If 
such si)ots are found the moldboard must be replaced with a 
new one. 

(/) Coulter or jointer set too elose to the shin of the moldboard. 
This relieves the shin of the moldboard of practically all soil 
pressure, with the result that the soil sticks to it. S('t the 
coult(T further toward the land. 

2. Plow Does not Penetrate Properly. —The caustvs of this 
trouble are as follows: 

(a) Worn or improperly shaped shares (no v(?rtical suction). 

(b) Vertical hiteh too low at the plow. 

(c) Gauge wheel set too low (walking plows only). 

(d) Coulters or jointers set too deep or too far forward. If set 
too deep the coulter or jointer carries so much of the weight that 
it practically supports the plow\ If s(‘t too far forward it pn'- 
yents the plow from sucking into the ground. Set the coulters 
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or jointers just deep enough to cut well through the surface 
trash, or a little less than half the depth of the furrow. 

(e) Leverh set wrong. The depth lever (on front furrow 
wheel) and the leveling lever (on land wheel) must be set so 
that the plow can penetrate to the proper depth and run level. 

3. Furrow Wall Crumbled or Furrow Bottom Dirty.— This 
is usually due to the coulters being set too near the shin of the 
plow. In some soils it is necessary to set them as much as 
ins. toward the land. A crumbled furrow wall and a dirty fur- 
row bottom may also result from a poorly adjusted horizontal 
hitch. 

4. Plow Lifts Very Hard. — Tighten the lifting spring. 

6. Plow Enters the Ground Very Slowly.— Loosen the 
lifting spring. 

6. Power Lift (Tractor Plows) Does not Operate Properly. — 

The front furrow wheel, or the land wheel, operates the power 
lift. In order to lift the i)low this wheel must have good traction. 
It is often provid(Hl with small lugs for this purf)os(‘. (Consider- 
able pressure must be carried on the wheel, however, in order 
that it may have tlu^ necessary grij) on the ground. 

Anything that lessons the pressun^ carried on this wheel has 
a tendency to retard or hinder the action of the power lift. 
Worn share's or a wrong vertical hitch may lessen the pressure 
and make the power lift fail to function. Too tight a lifting 
spring may also cause the trouble, as may also worn rollers or 
springs in the power-lift clutch. 
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HARROWS 

Harrows are very important tillage implements and are a nec- 
essary part of farming equipment. They are used for many pur- 
poses, on various types of fields, and at different stages in the 
production of crops. Because the purposes for which they are 
employed vary so greatly, several kinds have been developed. 
Only the types most commonly used will be discussed here. 

Although harrows may be used under various field condi- 
tions, each type is particularly suited for certain definite field 
work, as will be mentioned later. 

SPIKE-TOOTH HARROWS 

The spike-tooth harrow is made in sections, each section 
being between 4 and 5 ft. wide. The number of sections used 



Fig. 34. — Two-section spike-tooth harrow. 


depends upon the power available. Figuie 34 shows a two-section 
spike-tooth harrow. The harrow is so constructed that a sec- 
tion can easily be added. 
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The chief use of the spike-tooth harrow is in preparing the 
seed bed after the ground has been plowed. The harrow pul- 
verizes the soil well and levels it nicely. The harrow teeth 
break up clods and lumps left by the plow, compact the soil, 
and fill up the air spaces. The finely pulverized surface left 
by the harrow forms a mulch, which retards the evaporation 
of moisture from the soil. 

The spike-tooth harrow is often used for killing weeds. For 
this purpose it is run over the ground after the crop has sprouted, 
the teeth being set lightly. Weeds that root near the surface 
are tom out and destroyed, without injury to the growing crop. 
The spike-tooth harrow is also used for covering seed that has 
been broadcast on the surface of the ground. 

The spike-tooth harrow is difficult to use on fields that have 
trash, vines, or stalks on the surface. On such fields the teeth 
become clogged up with trash which raises them out of the 
ground and prevents their working properly. Frequent stops 
to clean the harrow are necessary under such conditions. This 
implement does not penetrate well on hard, stony fields and it 
is not particularly good for harrowing sod ground. 

The draft of the spike-tooth harrow is light and it accom- 
plishes its work rapidly. 


CONSTRUCTION AND PRINCIPAL PARTS 

1. Teeth. — The teeth are made of steel and are shaped as 
shown at A, /?, and C, Fig. 35. The head of the tooth is en- 
larged so that the tooth will not be lost if it becomes loose. All 
the edges of the tooth are sharpened so that by shifting the tooth 
a new cutting edge can be obtained. The teeth are fastened 
to the tooth bars (A, By and C, Fig. 36), six teeth usually being 
placed on each bar. A harrow section of five bars would, 
therefore, have thirty teeth. The teeth are so placed on the 
five tooth bars that no one tooth is directly behind another. In 
a 5-ft. harrow section with five tooth bars, every 2 ins. of ground 
is cut by a tooth. 
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2. Tooth Bars. — The tooth bars are made of wood or steel. 
Wooden tooth bars are usually square. Steel bars are made 
in many different shapes, including round-pipe, flat-bar, chan- 
nel-bar, and IJ-bar. The tooth bar shown at A in Fig. 36 is of 
the U-bar type. A round-pipe tooth bar is shown at B and a 
wood tooth bar at C. The teeth are attached to the tooth bar. 

3. Tooth Clamps. — The tooth clamp fastens the tooth to 
the tooth bar. Various types of tooth clamps are used. A 



Fig. 35. — Three coinuiori tyix's of harrow 
teeth and tooth elajnps. 


Fi(j. 30. — Tooth bars. 


strong, well-designed tooth clamp is necessary, as there is a 
severe strain on the teeth when the harrow is in operation and 
they must be securely fastened and kept tight. The clamp 
shown at A, Fig. 35, is drawn tight by the nut (b), which is 
locked in place by a spring washer. The edge) of the tooth is 
drawn into a notch in the tooth bar (Fig. 36, A). 

4. Ruimer Teeth. — Runner teeth, shaped as shown at A, R, 
and C, in Fig. 37, are placed at the four corners of the section. 
When the harrow is being transported to or from the field, the 
teeth are slanted back so that the curved parts of the runner 
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teeth bear on the ground. This prevents the roads from being 
torn up and places less strain on the 
frame of the harrow (Fig. 37, B). 

6. Guard Rails. — The ends of the 
tooth bars in the harrow section shown ^ 

in Fig. 34 are closed, and the tooth bars ^ 

pass through the guard rails (Fig. 34, h). 

Harrows in which the parts are so 
arranged are called closed-end ” types. 

Harrows that do not have the ends of 
the tooth bars closed in this way are 
open-end types. The guard rails 
strengthen the construction and make li maJS SjK 

the harrow more rigid. Th(\y also pre- | WJB 

vent the ends of th(^ tootli bars from i^jiiiinii ZyiiiT^ 
catching on obstructions in the field. IT C K 

6. Comer Braces. — The cf)rner braces f * 

arc shown at C in Fig. 37. Th(>y aro p,,,. 37._Runner teeth, 
placed at two diagonally opposite corners, 

one brace in front and one b(4iind. Such braces add greatly 
to the strength of the harrow. 

7. Levers. — One lever is usually provided on each section. 
By means of this the teeth may be set to penetrate more or less 



Fio. 38 . — Flexible pipe-bar harrow. 
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deeply, as desired. The flexible pipe-bar harrow, shown in 
Fig. 38, is to a certain extent adjustable without the use of levers. 
This type may be drawn from either end. When it is drawn from 
one end the teeth stand in a vertical position and penetrate 
deeply. When it is drawn from the other end the teeth slant 
backward slightly and cut lightly. The latter position is 



desirable for smoothing and light harrowing, or for killing 
weeds after the crop is up. Figure 39 shows how the angle 
of the teeth is controlled by the lever, 6, shows the lever, 
and c is the lever ratchet. The ratchet has a series of notches 
in which the lever may be set, thus providing a wide range of 
adjustment. The lower end of the lever is attached to the 
rocker bar (d). Each tooth bar carries a rocker arm (e) which 
is attached to the rocker bar. 
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8. Draft Hooks. — The draft hooks, shown at a in Fig. 40. 
are made of steel. One of these is placed at each front comer 
of every section. The harrow is drawn from these hooks. They 
must be so constructed that hitching to them is easy and quick, 


and yet the hitch must be secure and not 
come loose when the harrow is in use. 
Some draft hooks have a self-locking 
device that helps to make a secure con- 
nection at this point. The lock may be 
easily pushed forward and the harrow 
section released when this is desired. 
The “ pig-tail ” type of draft hook is 
shown at a. This is twisted so that there 
is little chance of a section becoming 



Fr«. 40. — Connection of 
harrow section to evener. 


unhooked in the field, yet it may easily be disconnected when 


desired. 


9. Draft Links (Fig. 40, h ), — The draft links, which are made 
of steel, connect the eveners to the draft hooks. They are 
fastened to the eveners by means of the eye bolt shown at c in 
Fig. 40. 

10. Eveners (Fig. 34). — The eveners for spike-tooth harrows 
arc made of wood. They arc connected to the front corners of 
all the harrow sections. If properly attached they cause all the 
sections to pull straight and evenly. Each section is fastened 
to the evener independently of the others, and the sections are 
not fastened to each other. This provides great flexibility. 
One section may be raised to pass over a high place in the field 
or may drop down into a low place, without affecting the other 
sections. Combination eveners (Fig. 41, A) are used for four- 
section harrows. 


11. Draw Rods and Hitch Ring (Fig. 41, A ), — These attach 
the harrow to the tractor or power that draws it. A clevis 
passes through the hitch ring. The draw rods must be attached 
to the evener so that the hitch ring will be ahead of the center 
of the harrow. The draw rods are necessary in order that the 
power may act along the whole length of the evener. It would 
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be difficult to make the harrow draw straight and evenly with- 
out the wide-spread draw rods. Some harrows have a hitch 
ring of the type shown at B in Fig. 4 1 . This ring may be slipped 
a short distance in either direction along the chain links that 
connect the draw rods. In this way the position in which the 



Fid. 41. — Draw rods, hitch rings and liarrow cart. 


harrows draw bcvst can easily be found. This tyx )0 is called 
a “grab ring.’^ 

12. Harrow Cart. — A harrow cart, such as that shown at 
c in Fig. 41, is viTy ilesirable for use with a horse-drawn spike- 
tooth harrow. It permits the operator to ride. The long arms 
reach forward over the harrow^ sections and are attached to the 


eveners. 
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Job No. 5 

TO REPAIR A SPIKE-TOOTH HARROW 

Operations Necessary to Perform the Job. 

1. Remove tind sharpen teetli. 

2. Straighten tooth bars. 

3. Tighten coniicction between tooth bars and guard rails. 

4. Replate teeth and adjust them for depth. 

5. Tighten all tooth clamps. 

6. Replace drag links (if necessary). 

7. Tighten evener bolts and replace if required. 

8. Tighten draft hooks. 

9. Secure all corner braces. 

10. Sharpen or ro])lace runner teeth. 

11. Paint all parts. 

Description of Operations, 

1. lCxaniin(i the t(»oth. The front edge of the tooth must be 
sharp. If it is worn it may be possible to secure a new cutting 
edge by turning tJio tooth one-(juarter or one-half turn in the 
tooth clamp. If all the cutting (‘dge^s are worn, the tooth must 
be removed and reshaped by haimiKiring on the anvil. If the 
tooth has been worn down until it is so short that it cannot 
be set as deeply as the other te(*th, it should be replacc^d with 
a new one. The points of the te(db w('ar th(‘ most, the tapered 
part wearing off and leaving a short, blunt point. Sharpening 
a tooth should restore the original shape. The tooth must be 
heated in the forge, can^ being taken not to heat it too much, 
as this changes the temper of the steel and may weaken the 
tooth. The tooth should be hammered on the anvil so as to 
draw it out to a long, tapered point . 

2. Straighten the tooth bars, if necessary. A bent tooth bar is 
easily noticed. It must bo removed and straighten('d by ham- 
mering on the anvil. It is not necessary to heat th(‘ tooth bar 
before hammering. 
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3. Examine the connection of the tooth bar to the guard 
rail. This connection should be kept tight. In some harrows 
the tooth bar passes through the guard rail. In others a short 
extension is bolted or riveted to the tooth bar, this extension 
passing through the guard rail. 

4. Adjust the teeth in the tooth clamps so that they will 
all penetrate equally. 

5. Tighten all the tooth clamps, and replace any broken 
ones. In some makes of harrows the tooth clamps may slip 
out of place along the tooth bars, thus changing the spacing of 
the teeth. See that the tooth clamps are set so that no tooth 
is directly behind another. 

6. Replace the drag links if they are badly worn. 

7. Tighten the eye bolts that connect the drag links to 
the cvener. If the hole in the evener, through which these eye 
bolts pass, has become enlarged, a larger-sized eye bolt should 
be used. It is necessary that the bolt fill the hole completely, 
as otherwise the bolt will jerk and churn whem the harrow is in 
oi^eration and will wear the hole larger. 

8. Tighten the bolts or rivets in the draft hooks and replace 
any that are broken. 

9. Tighten the bolts or rivets that fasten the corner braces. 
If these bolts or rivets are allowed to remain loose, the effective- 
ness of the corner brace is lost. 

10. Examine the runner teeth. Sharpen the points, as 
explained in the first part of this job. If the curved part of a 
runner tooth is badly worn, reidace it with a new one. 

11. Paint all parts of the harrow, including the eveners. 
Linseed oil may be used, instead of paint, on the eveners, if 
desired. Painting preserves the harrow, protects it from rust, 
and increases the years of useful service obtained from it. 
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DISK HARROWS 

The disk harrow is used extensively for a wide variety of 
purposes. The sharp, rolling disks penetrate deeply. The 
disk harrow is an excellent implement for use on ground that 
has stalks, stubble, or vines, and it is of Urn used on such 
ground before plowing. The disks cut up the surface trash 
so that it is all turned under by the plow. This harrow is 



Courtesy of Oliver Chilled Plow Co. 

Fig. 42. — Tractor disk harrow with tandem attachment. 


also very effective on sod ground and on fields where the soil 
is hard. If necessary, weights can be carried on the harrow 
to secure deep penetration on hard ground. The action of the 
disk harrow is not hindered by trash to as great an extent as is 
that of the spike-tooth harrow. 

The disk harrow does not level the ground as well or pulver- 
ize it as finely as the spike-tooth harrow. It is, therefore, not 
classed as a smoothing harrow. For this reason the disk and 
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spike-tooth harrows are often used together, the spike-tooth 
being drawn behind the disk. The disk cuts through the lumps, 
clods, and roots; and the spike-tooth levels and smooths the 
ground. The combination makes an excellent seed bed. 

Because of the deep penetration of this harrow, it is some- 
times used instead of the plow. Under certain conditions it 
is satisfactory to seed in the crop after the ground has been 
disked, without the use of the plow. The disk harrow is also 
used for covering seed that has been broadcast, for' cultivating 



Fkj. Mi. — Horso-drawn disk harrow with tonffiio truck. 


orchards, and for mulching the upper surface of the soil to pre- 
serve moistun'. 

Sizes. -The disk harrow is made in a number of different 
sizes, the size being determined by the width of the harrow. 
The sizes in common use are from 4 to 12 ft. in width, the disks 
being spactnl (i ins. apart. Thus, an 8-ft. harrow, which is a 
standard size, has sixteen disks. The disks are 14, 16, or 18 
ins. in diani('t(^r, 16-in. disks being the most common. 

Figure 43 shows a horse-drawn disk harrow of a standard 
type, with plain disks. Cutaway disks, such as those shown at 
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A in Fig. 44, or spading disks, such as those shown at B, are 


sometimes used. These disks penetrate more 
deeply but do not pulverize as well as the 
plain ones. They are particularly good for 
work on stony ground. The plain disk, how- 
ever, is used to a much greater extent than 
either of the other types. 



Figure 42 shows a tractor disk harrow, 
with a tandem attachment. The ground is 
worked twice in one operation. Tandem 
attachments are also furnished for horse- 
drawn disks and may be used to good ad- 
vantage if sufficient power is available to 
draw the extra load. The front disks are 
set to throw thci soil outward, and the rear 



Fid. 44. — Cutaway 
and spading disks. 


disks to throw it inward. 


CONSTRUCTION AND PRINCIPAL PARTS 

The disks are assembled in sections, which are called gangs 
or disk gangs. Figure 46 shows two gangs. The right gang 
throws the soil toward the right; the loft gang throws it toward 
the left. There is an equal number of disks in each gang. All 
the disks of each gang revolve together as one unit. The two 
gangs, however, are not connected with each other. 

Tractor disk harrows or horse-drawn harrows with a tandem 

attachment have four disk 
gangs (Fig. 42). 

1. Disks. — The disks are 
concave in shape, the amount 
of concavity usually being 
about 1 ins. This is referred 
to as the dish of the disk. 
The dish of the disk increases 
Fig. 4.5.— Disks, arbor l)olt and sjiac- the penetrating apd pulveiiz- 
ing si)ool. jjjg ability of the harrow. The 

disks are made of high-grade steel. A long bolt (Fig. 45, a) 
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passes through the square hole in the center of the disk. This 
bolt holds the disks securely in their places in the disk gang. 

The disks are sharpened by grinding. The edge is ground 
on the back or convex side, to an abrupt beveled edge. The 
edge should not be ground thin or it will be too weak to stand 
the severe strain of field work. 

2. Main Frame. — The main frame (Fig. 46, a) is made of 



steel. The rear end of the frame is connected to the disk gangs, 
and the front end to the power which draws the harrow. The 
frame also serves as a base to which other parts are attached. 
All the levers are attached to the frame. A tongue truck (Fig. 
43, c) supports the front end of the frame on horse-drawn har- 
rows. The driver^s seat (Fig. 43, d) is also carried by the main 
frame. 

3. Draft Links. — The draft links, which are made of steel, 
(Fig. 46, b and c) connect the outer ends of the main frame to 
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the disk gangs. The couplings which attach the draft links to 
the disk gangs are slotted so that the draft links pull in a direct 
line under all settings of the disk. 

4. Lever Bars. — The lever bars (Fig. 46, d) connect the inner 
ends of the disk gangs to the frame. These lever bars are 
moved by means of the angling levers (Fig. 43, a and b). When 
the lever bars are pulled forward as far as possible, the disks 
are all in a straight line. In this position they are transported 
to and from the field. With the lever bars moved as far back 
as possible, the disk gangs take up the angle shown in Fig. 
46. This is the greatest angle at which the disks may be set; 
in this position the harrow penetrates most deeply. The har- 
row may be set at any angle between these two extremes, 
depending upon the type of work to be done. For light work, 
where deep penetration is not necessary, the angle of the disk 
gang is decreased. 

6. Levers. — (a) Angling Levers , — All harrows are provided 
with angling levers. These are shown for a horse-drawn har- 
row at a and h in Fig. 43. The angling device used on most 
tractor harrows allows the tractor operator to set the angle 
of the four disk gangs 
without leaving the seat 
of the tractor (Fig. 42). 

(b) Pressure Levers . — 

Some disk harrows are 
provided with a special 
pressure lever, often called 
a third lever. This is 
shown at d in Fig. 47. It 
is mounted on the main 
frame. By means of it, 
a downward pressure is 
placed on the lever bars. 

As these lever bars are attached to the inner ends, of the disk 
gangs, this downward pressure causes the inside disks to 
penetrate more deeply. In field operation there is a tendency 
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for the inside disks to cut less deeply than the outside ones. 
This is overcome by the adjustment of the third lever. Figure 
51, d, shows how this same pressure adjustment is made with- 
out the lever. Here an adjustable snubbing block is used, the 
lever bars passing through slots in this block. Setting the block 
down puts more pressure on the inner disks and causes them to 
penetrate more deeply. The pressure on the inside disks should 
be regulated so that they all penetrate evenly. 

6. Arbor Bolts (Fig. 48, a ). — One long bolt holds all the disks 
of each gang in place. This is called the arbor bolt. It is 
square and passes through the square holes in the disks. Be- 
cause of this S(iuarc shape, the disks cannot turn around 07 i the 
arbor bolt but turn ivith it. 

A lock washer or special locking device is used to i)nivcnt 
the arbor bolt from coming loose (Fig. 48, h), 

7. Bumpers (h'ig. 48, r). — When the harrow is in operation 
the pressure of the soil tends to force the front gangs together 



Fk;. 4S. — Arl)or bolt and huirijx 


at the c(mter. To prevent 
th(^ inside disks of the front 
gangs from rubbing against 
each other, large concave 
washers are used. These 
are called bumpers and are 
shaped to fit the disk. The 
bumpers rub together and 
prevent the inside disks from 
touching each other. The 
head of the arbor bolt fits 


into the large sejuare in the center of the bumper, as shown 
at c. 


Well-designed bumpers prevent the disks from rubbing each 
other at any angle at which the disk gangs are set. 

8. Spools (Fig. 45, h ). — The disks are spaced at G-in. inter- 
vals along the arbor bolt. They are held this distance apart by 
means of the spools. The arbor bolt passes through the square 
hole in the center of the spools. The ends of the spools are 
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shaped to fit the disk. When the nut on the end of the arbor 
bolt is drawn tight, the disks and spools draw tightly together. 
As long as the arbor bolt is properly tightened, these parts 
revolve together as a single unit. 

9. Disk Bearings. — Two of the spools on each disk gang are 
used as bearings between the revolving arbor bolt and the 
stationary couplings to which 
the main frame is connected. 

The construction of a disk bear- 
ing is shown in Fig. 49, the upix^r 
half of the bearing is shown at 
a, the bearing spool at b and the 
lower half of the bearing at c. 

Each half of the bearing is lined 
with a wooden bushing (d), 
which is made of hard wood, 
specially treated for this pur- 
pose. The wooden bushings are 
easily replaced when worn. One 
of them has a hole drilled 
through it, thus allowing grease 
to pass through the bushing on to th(^ revolving bearing spool. 
Figure 50 shows the bearing assembled with grease cup (c) and 
connecting slot (d) for the draft link. 

Disk bearings must be well lubricated. This is difficult 
b(^cause the revolving disks cover them with dust and grit. On 
many harrows the grease cups are hard to reach, and for this 
reason are not turned down as often as necessary. The threads 
on the grease cups often become crossed or damaged so that 
the grease-cup caps do not turn down proj)erly. A few manu- 
facturers of disk harrows provide roller bearings for the disk 
gangs. 

10. Bearing Standards (Fig. 50, e). — The bearing standards 
are upright bars which extend upward from the disk bearings. 
They are usually made of steel. The lower end of the standard 
is usually bolted to the top half of the bearing. In some har- 



49. — Construction of disk 
hearings. 
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rows the top half of the disk bearing and the standard are made 
in one piece. The gang frame is attached to the bearing stand- 
ards. 

11 . Gang Frames (Fig. 50,/). — One gang frame is provided 
for each gang of disks. In some harrows it is made of a single 

piece of angle iron as shown 
at /, or it may be a rectangu- 
lar frame, closed at the ends. 
It is bolted to the bearing 
standards. The weight boxes 
and the scraper assembly are 
connected to it. 

12. Weight Boxes (Fig. 
51, e ), — On very hard or sod 
ground or where it is desirable 
to have the harrow penetrate 
deeply, it is often necessary to 
add weights to the harrow. 
The weight boxes are provided 

to carry such weights. Sacks 
Fig. 50. — Disk bearing assembled. i-ii j -xi- j i 

^ filled with sand, rocks, or other 

heavy material are used as weights. The weight boxes are 

bolted to the gang frames by means of the supporting casting 

shown at g in Fig. 51. The rectangular gang frame is itself 

suitable for carrying the weights, so that harrows with this type 

of gang frame need no additional weight boxes. 

13 . Scraper Assembly (Fig. 43). — One scraper is provided 
for each disk, to keep the disk clean and prevent its becom- 
ing clogged up. The scrapers are particularly useful on wet, 
sticky fields. They arc attached to a bar or connected directly 
to the gang frame. The picture of the disk harrow in the field. 
Fig. 42, shows clearly the location of the scrapers. 

On horse-drawn harrows, where the operator rides on the 
implement, a foot lever (Fig. 51, g) is connected to the scraper 
bar. By moving this the operator causes the scrapers to move 
from the center to the outer edge of the disk, thus keeping the 
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entire surface clean. The scrapers are returned toward the 
center of the disks by a coil spring on the scraper bar. The 
tension of this spring is usually adjustable. 

The scrapers are made of steel and are easily replaced when 
worn or broken. They are usually adjustable and should be 
set so that they will just clear the disks when the harrow is in 
operation. A stop is provided for the foot lever so that the 
scrapers cannot be pushed off the outer edge of the disk. 

Tractor disk harrows do not have levers for adjusting the 



Fig. 51. — Horse-drawn disk harrow. (Rear view.) 

scrapers because the operator does not ride on the harrow. 
The scrapers are set in a fixed position, which may be changed, 
however, if necessary. In general, the scrapers should be set 
about 1 in. from the outer edge of the disk. If they are set too 
close to the edge they may be carried off. The end of the 
scraper should be set so that it just clears the surface of the disk 
when the harrow is in operation. 

14. Tongue Truck (Fig. 43, c). — Horse-drawn disk harrows 
usually have a tongue truck to support the front, end of the 
main frame. This weight would otherwise be carried on the 
necks of the horses. Tractor disks are not equipped with 
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tongue trucks as the weight is easily carried on the draw bar 
of the tractor, and a tongue truck is not necessary. A draft 
iron and vertical clevis (Fig. 43, g) are provided to make the 
hitch adjustable. The wheels of the tongue tnick should be 
well lubricated. Grease cups are usually provided for this 
purpose. The hub cap (Fig. 43, i) serves as a grease cup on 
some tongue trucks. 

16. Center Tooth. — On horse-drawn harrows a center tooth 
is often used. This cuts out the ground left between the center 
of the two front disk gangs. 

16. Stub Pole (Fig. 43, j). — Both horse-drawn and tractor 
disk harrows are furnished with a short or stub pole. This is 
usually built into the main frame. The tongue truck is con- 
nected to the under side of the stub pole, and the vertical clevis 
{g) is also bolted to it. Wooden stub poles are sometimes used 
but steel ones are more common. 

17. Long Pole. — Horse-drawn disk harrow^s may be pur- 
chased without the tongue truck. In this case a long pole is 
used. As this causes the weight of the main frame to be car- 
ried on the horses’ necks, it is not in common use. On horse- 
drawn harrows equip})ed with a tongue truck, and on tractor 
harrows, a long pole is not necessary. It is possible to use both 
a stub pole and a long pole on horse-drawn harrows, but this 
combination is not frequently employed. In tliis case the long 
pole serves for steering only. It supports none of the weight 
as this is all carried on the tongue truck, but it makes the wheels 
of the tongue truck run more steadily. 

The most common equipment for horse-drawn harrows, how- 
ever, is that shown in Fig. 43, the tongue truck and stub pole. 
The direction of pull on the vertical clevis steers the harrow 
very satisfactorily. 

18. Eveners. — The eveners for horse-drawn harrows are 
made of wood or steel. The eveners are attached to the 
tongue truck by means of the clevises shown at g in Fig. 
43. Two-horse, three-horse, or four-horse eveners may be 
obtained. 
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19. Transport Trucks (Fig. 52).— It is very desirable to use 


transport trucks when drawing the harrow 
to or from the field or when moving it 
along the road. The large hooks (6) are 
hooked under one of the disk spools, and 
the latch (a) fastens over the weight box 
or gang frame. The transport trucks may 
be quickly put on or removed without the 
use of any tools. They protect the edges 
of the disks and prevent the cutting up of 
roads. 

One transport-truck wheel is necessary 
for each disk gang. A harrow with a tan- 
dem attachment, therefore, would require 



Fio. 52 . Transport 
trucks for disk harrow. 


four transport-truck wheels. 
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LABORATORY STUDY NO. 5 

To inspect a disk harrow, and locate and study the various 
parts. 

Equipment Necessary. — Complete disk harrow (with tan- 
dem attachment, if possible). 

Procedure. 

1. Count the number of disks in the front disH gangs and 
determine the width of the harrow. 

2. Measure the diameter of the disks. 

3. Determine as nearly as possible the amount of “ dish/' 
or “ concavity,'' of the disks. 

4. What type of disk is used: plain, cutaway, or spading? 

5. Locate the bumpers and measure their diameter. 

6. Locate the arbor bolt and describe the means used for 
securing the arbor-bolt nut. 

7. Take off the lower half of one disk bearing; examine all 
parts of the bearing carefully and answer the following ques- 
tions: 

(a) What material is used in the bearing bushings? 

(h) How are the bearings lubricated? 

(c) How is the bearing standard connected to th(‘ bear- 

ing? 

(d) How are the draft links and lever bars connectcnl to 

the bearings? 

8. Locate and study the construction of the gang frames 
and answer the following questions: 

(a) What material is used in the gang frames? 

(b) Is the gang frame an angle-bar or a closed-end type? 

(c) How is the scraper assembly connected to the gang 

frame? 

(d) How are the weight boxes connected to the gang 

frame? 

(e) How are the gang frames connected to the bearing 

standards? 
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9. Locate and study the construction of the scraper assem- 
bly, and answer the following questions: 

(a) How may a broken scraper be replaced? 

(b) Can the scrapers be adjusted on the scraper bar? 

(c) Is the connection between the scraper bar and the 

gang frame adjustable? 

(d) Is there a foot lever for operating the scrapers? 

(e) What means is used to prevent the scrapers coining 

off the outside edge of the disks? 

(/) Is there a coil spring on the scraper bar? If so, what 
is its purpose, and how is it adjusted? 

10. Examine the main frame. Is it made of channel-bar, 
angle-bar, or flat stock? 

11. How is the stub pole attached to the main frame? 

12. Study carefully the construction of the tongue truck and 
answer the following questions: 

(a) How is it attached to the stub pole? 

(b) How are the wheels lubricated? 

(c) Is there an adjustment provided so that the stub 

pole may be raised or lowered where it is connected 
to the tongue truck? 

(d) Is the tongue truck provided with a vertical clevis 

so that the hitch is adjustable? 

13. Study the action of all the levers and state the purpose 
of each. 

14. Study the construction of the tandem attachment (if any 
is used) and answer the following questions: 

(а) In which directions do the disks of the rear harrow 

throw the soil? 

(б) Are the disks of the tandem attachment placed so 

that they trail exactly behind the front disks, or 
are they centered between the front disks? 

(c) How is the angle of the disks adjusted? 

(d) Are bumpers necessary on the center disks of the 

tandem attachment? 



84 


HARROWS 


Job. No. 6 

TO OVERHAUL AND REPAIR A DISK HARROW 

Operations Necessary to Perform the Job. 

1. Test disk bejirings for wear. Disassemble disk gangs and 

replace bushings. 

2. Sharpen disks. 

3. Straighten arbor bolt. 

4. Reassemble disk gangs. 

5. Tighten bolts and rivets in disk-gang frames. 

6. Repair and adjust scrapers. 

7. Tighten bolts or rivets in stub pole. 

8. Repair and adjust levers and snubbing block. 

9. Tighten bolts in weight boxes. 

10. Repair tongue truck. 

1 1 . Repair or replace cvencr parts. 

12. Paint all parts (except disks). Cover disks with a coating of 

heavy grease. 

Description of Operations. 

1. Test the disk bearings for wear. To do this, stand with 
the legs astraddle the disk gang. (Irasp the gang frame directly 
above the bearing to be tested, and jerk the frame up and down. 
If the frame moves without lifting the disk gang, the bearing 
is worn. Remove the grease cup and take out the bolts holding 
the halves of the bearing together. Disconnect the draft links 
and lever bars from the bearings. Pull the halves of the bear- 
ing apart. Take out the old bushings and wash the grease and 
dirt off the bearing spool and the halves of the bearing. Fit 
in new wooden bushings, seeing that tliey fit down into their 
place properly, (^lean the grease cup and tube and test it to 
see that grease is forced through the tube easily. These parts 
should not be put back in place until after the disks have been 
removed and sharpened. 
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Test all the disk bearings in the same manner, and replace 
the bushings wherever necessary. 

2. Sharpen the disks. To do this it is necessary to take the 
disks off the arbor bolt. Take off the nut on the end of the 
arbor bolt, and removci the first disk. Then remove the first 
disk spool and the second disk. It is well to lay the disk spools 
aside in the order in which they are taken off, as the two bearing 
spools are different from the others and must bo put back in 
their proper places. The disks are sharpened by grinding. 
They are of highly tempered stecJ and must not bo ground too 
fast or the heat set up will change their temper. They are 
ground to a cutting edge on the back or convex side. The edge 
should not be made too thin as this will cause it to chip out 
easily. It is well to finish grinding all of the disks of one gang, 
and then reassembk^ them, before starting another gang. In this 
way fewer parts are left lying about and there is less confusion. 

3. Examine the arbor bolt. If, as often ha])j)ens, the arbor 
bolt has become bent, it may be straighten(‘d by hammering 
it on the anvil. It is not nc^c'ssary to heat it. 

4. Reassemble the disks on the arbor bolt. Space them 
properly with the disk spools. Be sure that the bearing spools 
are in the correct position on the disk gang; this is between the 
disks where the draft links and lever bars are to bo connected. 
Put the locking device or washer on th(' (‘nd of the arbor bolt 
and tighten the nut well. Test the gang to see if it is all tight. 
To do this, turn any one disk. It should cause all the other 
disks to turn with it. The whole gang should turn as a unit. 
If one disk can be turn(‘d ('ven slightly without moving the 
others, it means that llu^ arbor bolt is too loose. Ck)mplete all 
the work on one disk gang before disasscanbling another. 

5. Examine the gang frame. Tighten the bolts or rivets 
that connect it to the bearing standard. Put in new bolts or 
rivets, if necessary, large enough to fill the holes snugly. 

6. Examine the scrapers and replace any that are broken 
or badly worn. Adjust all the scrapers so that they just clear 
the surface of the disk when they are in the working position 
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(about 1 in. from the outer edge of the disk). In most harrows 
the scrapers may be adjusted where the scraper bar connects 
to the gang frame, or each scraper may be adjusted separately 
where it is attached to the scraper bar. Examine the foot lever 
(if any) and adjust the foot-lever stop so that the scrapers can- 
not be pushed off the outside edge of the disk. 

7. Tighten the bolts or rivets that connect the stub pole to 
the frame. 

8. Examine the levers. Oil the lever latches to prevent rust. 
See that these parts act freely. Operate the angling levers or 
angling device, to make sure that they are working properly. 
Examine the lever bars and straighten them if they are bent 
out of shape. Tighten the bolts that connect the snubbing 
blocks (Fig. 51, d) to the main frame. 

9. Tighten the bolts that secure the weight boxes (if any) 
to the gang frame. 

10. Jack up the front end of the stub pole to take the weight 
off the tongue truck. Rock the wheel on the axle to determine 
the amount of wear at this point. Remove the wheel and exam- 
ine the axle and the inside of the wheel box or hub. Either the 
axle or the hub may be worn. The wheel hub is usually remov- 
able, and a new hub may be put in or a new axle used if neces- 
sary. Grease the axles well and replace the wheels. 

11. Examine the eveners for cracks or splits in the wood. 
See that the single-tree hooks are tight on the single-trees. 
The bolts holding the metal straps should completely fill the 
holes through the evener. If the holes have become enlarged, 
it is best to use a larger bolt. To do so it may be necessary to 
ream out or drill the hole in the metal to a slightly larger size. 

12. Paint all the wood and metal parts of the harrow except 
the disks. This will prevent rust and make the implement last 
much longer. The disks should be completely covered with a 
thick coating of heavy grease. 
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SPRING-TOOTH HARROWS 

The spring-tooth harrow is especially useful for harrowing 
hard or stony ground. The strong steel teeth are not damaged 
or broken by striking obstructions. They pulverize the ground 
fairly well and can be set to penetrate deeply. 

Another important use of the spring-tooth harrow is in 
destroying noxious grasses or weeds that are propagated by 
roots. The deeply penetrating teeth tear out the roots and 
bring them to the surface, where the sunlight destroys them. 

Cultivating alfalfa is also done advanta- 
geously with the spring-tooth harrow. Special 
teeth are sometimes used for this purpose 
(Fig. 53). 

Sizes. — The spring-tooth harrow is made in 
sections, as is the spike-tooth harrow. Each Fi«. 53.— Special 
section usually contains about eight teeth and 
cuts a width of about 2^ ft. The number of 
sections used can easily be changed to suit the power available. 
The sections are hinged together at the center. This causes 
them to pull evenly, and yet permits each one to follow the con- 
tour of the ground. 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Teeth (Fig. 54 and Fig. 55). — The teeth are made of 
spring steel. They are long and bent 

Q nearly into a complete circle. The ends 
are sharpened and are usually from IJ to 
If ins. in width. Some spring-tooth har- 
rows are furnished with double-pointed 
teeth (Fig. 54). These points are remov- 
Fig. 54.— Spring tooth reversed so that a double 

with reversible point, wearing surface is obtained. 

The teeth arc so placed in the section 
that they do not trail each other. In the standarii section with 
eight teeth, the teeth fall between 3 and 4 ins. apart. Because 
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of the width of the teeth, this spacing harrows the ground very 
completely. 

2. Tooth Bars (Fig. 55 and Fig. 56). — The tooth bars, which 
carry the teeth, are usually made of steel. 
Several different shapes of tooth bars are used 
by the manufacturers. A round type of tooth 
bar is shown in Fig. 55. Channel-steel (Fig. 
56) and flat-steel tooth bars are, also used. 
Wooden tooth bars are used to some extent. 

The tooth bars on the spring-tooth harrow are 

Fig. 55. shorter than those on the spike-tooth harrow, 

pipe tooth bar . , i , , , 

and tooth clamp, ^he spring teeth penetrate deeply, and, as the 

harrow is commonly used on rough or hard 
ground, the tooth bars must be strong and well supported at 
the ends. 

3. Tooth-bar Standards (Fig. 56, h ). — The tooth-bar stand- 

ards support the ends of the tooth bars. They 
are usually riveti^d to the frame. The ends of 
the tooth bars pivot in the tooth-bar standards 
to provide for setting the depth to which the 
teeth are to penetrate. The ends of the 
tooth bars are att, ached through the standards Fkj. 50.— C^on- 
so as to turn freely and also to act as cross ncotion of tooth 
braces to hold the frame together. bar to tooth-bar 

4. Tooth Clamps (Figs. 55 and 57).— The 

tooth clamps attach the teeth to the tooth bar. The tooth 
clamp shown in Fig. 57 is composed of a 
malleable clamp, a steel clip, and a bolt. 

The device shown in Fig. 55, c, consisting 
of a steel clip and a steel retainer, is used with 
Fig. 57.— Channel j.Qvnid steel tooth bars. 

6. Frame (Fig. 5S, A and B ). — At B is 
shown a harrow frame of angle iron. The 
frame is of one j)i('ce, bent so as to enclose the front and 
each side of the harrow section. It must be strongly 
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constructed, as all strains to which the harrow is subjected are 
transmitted to it. The harrow is drawn directly from the 
frame. In some harrows the 
sides of the frame carry a run- 
ner beneath them (A). This 
runner, or shoe, is detachable 
and can be renewed when worn. 

The runners protect the frame 
and carry ‘the wcif^ht of the 
harrow when it is being trans- 
ported to or from the fields. 3 

Three runners are provided for 58.-«prinR-tooth harrow 

each section, one m front and frame, 

two at the rear corners. The 

frame is the base of the entire implement, and to it all parts 
are connected either din^ctly or indirectly. At A in Fig. 63 
is shown a frame made of a Hat steel bar. 





Fig. 59. — Two-section spike-tooth harrow. 


6. Levers (Fig. 59, e ). — The levers provide for setting the 
depth to which the teeth penetrate. Horse-drawn harrows 


90 


HARROWS 


have one lever for each section. This is quite common for 
tractor harrows also although some arc made so that with one 
lever all sections may be adjusted. Figure GO shows a tractor 



Courtesy of Roderick Lean Co, 


Fig. 60 . — Four-section spring tooth tractor harrow. 


harrow of this type. The movement of the levers causes the 
tooth bars to turn in the tooth-bar standards. The levers are 
connected to the tooth bars by the rocker bars (Fig. 61, a) and 

the rocker arms (h) . The 
levers and lever ratchets 
(c) are connected to the 
frame. 

7. Clevis (Fig. 59,/). 
— Several holes are usu- 
Fig. 61 .— Lever connections. ally provided so that 

the point of hitch may 
be raised or lowered, as required, to secure the best results 
in the field. The clevis is riveted or bolted to the frame. 
Each section has one clevis. 

8. Draft Links (Fig. 59, g ), — The draft links, which connect 
the eveners to the clevises, are so shaped that they can be 
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quickly unhooked when desired and yet are secure when the 
harrow is at work. An eye bolt connects the front end of the 
draft link to the evener. The connection between each harrow 
section and the evener 
may also be seen at a in 
Fig. 62. 

9. Eveners (Fig. 59, 
c; Fig. 62, h). — The 
evener, by which the 
draft is distributed even- 
ly to all the sections, is 



made of wood. Various _ _ , , , „ -.i 

. 02. — Draw rods and hitch ring with 

lengths and combina- 3-section evener. 

tions of eveners are fur- 
nished, according to the number of sections used. At h in Fig. 
62 is shown a set of eveners for a three-section harrow. 

10. Draw Rods and Hitch Ring (Fig. 62) .—On two-section 


A 



B B B O 

Ftg. 63. — Spring tooth harrow with wheels. 


harrows the hitch is made by means of a clevis and ring, as 
shown at d in Fig. 59. more sections arc used, draw 

rods and a hitch ring are necessary. By this means the power 
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is attached to the evener at two points, thus causing the sections 
to pull evenly. The point of hitch (where power is attached) 
must be such that it will cause the sections to draw evenly and 
not allow the harrow to skew (one end to lag behind the other). 
On the two-section harrow it will be noted that the point of 
hitch falls directly ahead of the center of the two sections. On 
a three-section harrow the draw rods are attached to the evener 
in two places, as shown in Fig. 62. 

11. Wheels (Fig. (j3B ). — Wheels are furnished With spring- 
tooth harrows, if desired. The front wheels are attached to the 
center of the section frame. Wheels of the castor type arc used 
in order that the harrow may turn more easily. The back 
wheels are mounted at the corners of the section on the rear 
tooth bar. A bushing is provided between the tooth bar and 
the wheel, and the wheel bears on this bushing instead of on the 
tooth bar. Provision is made for lubrication of this bearing. 
Horse-drawn harrows that are etjuipped with wheels can also 
be furnished with a seat so that the operator may ride. 
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Job No. 7. 

TO OVERHAUL AND REPAIR A SPRING-TOOTH HARROW 

Operations Necessary to Perform the Job. 

1. Sharpen and adjust teeth. 

2. Repair and tighten tooth elain])s. 

3. Tighten or roplacjc all bolts or rivets connecting through frame. 

Straighten any bent frame bars. 

4. Straighten toc^th bars. 

5. Repair or replace bearing of tooth bar in tooth-bar standards. 

6. Repair levers and lever d('tents. 

7. Straighten rockcT l)ars (if necessary) and secure them to rocker 

arms. 

8. Replace clevises (if rc(piired). 

9. Repair or replace draft links. 

10. Repair all evencr j)arts. 

11. Tighten all evener bolts. 

12. Paint all parts. 

Description of Operations. 

Note. — Spring-tooth harrows are used principally on hard 
and stony ground. They penetrate deej)ly and do excellent 
work under severe conditions. It is well for the operator to 
keep this in mind and to give them projx'r care and attention. 

1. The teeth should be kept sharp in order that the harrow 
may penetrate hard soil. The points may be ground on the 
back side. The cutting edge, or bevel, should be ground 
to an abrupt, tapered edge. A thin edge will not have the 
strength necessary to stand the severe usage to which the 
implement is subjected. The operator should notice the man- 
ner in which the tec'th are ground when new, and should grind 
the worn teeth in the same manner. This is an (‘xccJlent rule 
to follow in sharpening any edged tool. (Irinding consists in 
restoring the edge, as nearly as possible, to its original shape. 

All the teeth should be adjusted to the same depth. To do 
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this, place the harrow on level ground or on a floor. Pull the 
lever back until the teeth touch the ground. Then examine 
all the teeth. If any do not touch they may be set deeper by 
adjustment at the tooth clamp. 

2. Examine all the tooth clamps to see if any are loose or 
broken. Tighten them securely and replace any broken ones. 

3. The frame is subjected to heavy strain. All other parts 
of the harrow are connected to it or are carried by it. Examine 
the frame bars of every section to see if any are bent or twisted. 
Tighten all bolts or rivets that connect the draft hooks, runner 
shoes, and tooth-bar standards to the frame. If the bolts and 
rivets in such connections remain loose the holes through the 
frame become enlarged, making it difficult to secure a tight con- 
nection. In this case larger bolts or rivets should be used, the 
hole being drilled out a little larger, if necessary, to make the 
use of larger bolts or rivets possible. 

4. Examine all the tooth bars carefully, to see if any are bent. 
Bent tooth bars will throw the teeth out of adjustment. They 
should be removed and straightened. This may be done by 
hammering them on the anvil. It is not necessary to heat them. 

5. The tooth-bar standards provide a bearing in which the 
ends of the tooth bars turn, when moved by means of the adjust- 
ing lever. On some harrows this bearing may be renewed when 
worn. In others it may be necessary to put in a new standard 
if there is much wear at this point. The tooth bars must be 
well secured in the standard, and this point should be examined. 

6. Examine the levers and ratchets (Fig. 61, c). The 
detent, which engages in the teeth of the lever ratchet, should 
be oiled when the harrow is stored away, to prevent rusting. 

7. Straighten the rocker bars if any are bent. Tighten the 
connections between the rocker arms and the rocker bars. 

8. Tighten the bolts or rivets connecting the clevises to the 
frame. Inspect the holes in the clevises for wear, and replace 
them if necessary. 

9. Inspect the draft links for wear and replace them if 
necessary. Tighten the eye bolts attaching the draft links to 
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the evener bar. These eye bolts should fill the hole in the 
evener. If this hole is enlarged, a larger eye bolt should be used. 
If the proper size bolt is used and it is kept tight, the wear at 
this point will be greatly reduced. 

10. Inspect the eveners for cracks or splits. Eveners should 
be painted and stored away. 

11. Inspect the eye bolts that connect the draw rods to the 
evener. Tighten or replace them in the same manner as the 
draft-link eye bolts. 

12. Paint all parts of the harrow. 
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SPECIAL TYPES OF HARROWS 

A curved-knife or coulter harrow is shown in Fig. 64. This 
harrow is also constructed in sections and can be procured in 
widths ranging from about 3 ft. to 28 ft. The former size is a 



Courte'ty of Na'ih Acfne Harrow Co. 

Fig. C)4. — Curved-knife or coulter harrow. 


one-scction harrow and is suitable for use with one horse. The 
larger size is designed for tractor use. 

The knives or coulters are spaced about (i ins. apart. The 

forward or flat part of the 
coulter or knife compacts 
the soil and ciushes clods. 
The central part of the 
coulter has a narrow fin, 
extending downward, which 
causes deeper penetration. 
The bend or twist of the 
coulter blade works the soil 
both right and left (Fig. 
65). 

Between each coulter and the adjoining one is placed a 



Courtii>y of A'ttft/i Acme Harrow Co. 

Fig. 65. — Detail of coulter and crushing 
spur. 
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short, flat bar called the crushing spur. These bars aid in com- 
pacting the soil and crushing clods. 

Extra weight may be carried on the seat braces when deep 
penetration is required. 

This type of harrow leaves a finely pulverized and well- 
compacted seed bed, when used under suitable conditions. 

Figure 66 shows a type of smoothing harrow well adapted to 
the preparation of the seed bed for garden or truck crops, or 
where a very fine and smooth seed bed is required. 



Courtesy of C O JdhJJ M/y. Corp. 

Fig. 66. — Special t 3 ^pe of smoothing barrow. 


Four rows of small disks (8 or 10 ins. in diameter), so placed 
that no one disk trails another, are us('d in this type of harrow. 
This distribution gives the soil a thorough working. 

The center board is s('t at an angle. It is adjustable up or 
down and acts as a leveku-, filling in the hollows and cutting 
down the ridges in the field. 

This harrow may be si^cured in sizes suitable for one, two, 
three, or four horses. The width of the largest size is 8^ ft. 
It is also designed for use with a tractor. 

SELECTION OF PROPER TYPE OF HARROW 

The various types of harrows and the conditions for which 
each type is suited were thoroughly discuss(‘d at the outset 
of this chapter. Field conditions and the nature of the work 
will determine which type should be used, as each is distinctly 
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adapted to certain conditions. Most extensive farming opera- 
tions require the use of more than one type of harrow. 

The spike-tooth is the lightest in draft, and the disk is the 
heaviest. Leveling and smoothing are satisfactorily accom- 
plished with the spike-tooth harrow. Hard, stony ground is 
advantageously worked with the spring-tooth harrow. The 
disk harrow is particularly serviceable on soddy or trashy 
ground, as the sharp, rolling disks can be set to cut well through 
the surface trash and penetrate deeply. 
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Job No. 8. 

TO LUBRICATE ALL PARTS OF A DISK HARROW 

Note . — The disk harrow is perhaps the most difficult of all 
farm implements to lubricate properly. Its bearings work in 
the dirt and grit whenever it is in operation. 

Operations Necessary to Perform the Job. 

1. Locate all disk bearings. 

2. Force grease into disk bearings until it is squeezed out at side 

of bearing. 

3. Grease axles of tongue truck. 

4. Oil lever detents and slides for angling bars. 

Description of Operations. 

1. Count the number of bearings on the disk gangs. Is 
each bearing provided with a grease cup? 

2. Remove all the grease-cup caps and fill them with grease. 
Fill the cup (from which cap was removed) also with grease. 
Screw the caps on to the grease cups and turn them down as 
far as possible. Remove the caps and refill them. Turn them 
down again. Repeat this until grease is scpieezed out from the 
sides of the bearing. This is the only sure indication that the 
bearing is well lubricated. 

3. Remove the grease cups (or hub caps) from the tongue 
trucks. Fill them with grease and turn them down as many 
times as necessary until the wheel bearings are thoroughly 
lubricated. 

Caution . — The operator must be very careful, when screw- 
ing down grease-cup caps, to see that the threads do not become 
crossed. The caps should turn down easily. If they turn with 
difficulty it indicates crossed threads. Grease cups are often 
made of brass and the threads are easily stripped. 

4. Oil the lever latches and slides for angling ^bars, with 
oil can. 
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High-pressure Lubrication Systems. 

The problem of lubricating farm machines has been simpli- 
fied by the use of high-compression grease 
guns. With this equipment it is easier to 
force grease into bearings. The use of 
such a system requires that the machines 
be equipped with spc'cial fittings such as 
those shown in the accompanying illustra- 
tions. Many farm machines are now pro- 
vid()d with this high-pressure lubricating 
equipment. 

The following description and illus- 
trations of a standard system are repro- 
duec'd through the courtesy of the Bassick 
Manufacturing ('o., Chicago, makers of 
'' Alemite ’’ imKlucts. 

Figure (>7 is a cutaway drawing of the 
C-8()() compressor. This compressor con- 
sists of a cylinder fitted with a piston or 
plunger, a nanovable lu^ad, and a coupling. 
The cylinder acts as a container for the 
lubricant and as a runway for the piston. 
T\m jnstoii assembly consists of a disk- 
shapc'd cup of leatluT held in place by two 
metal disks. The piston is forced up and 
down in the cylinder by means of a screw, threaded to the 
cylinder head, and may be easily operated by hand. 



Fio. 67. — Aloinitc 
compressor. 




1 




Fig. 68. — Two types of conduit hose for alemite compressor. 


'^This type of compressor is designed for use with conduit 
hose, two examples of wliich are shown in Fig. 68. One end of 
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the 15-in. hose is screwed into the compressor, and the other is 
fitted with a bayonet coupling. These hose are steel-covered 
and built for heavy work. They make possible the lubrication 
of a bearing with ease, for the hose is flexible and eliminates the 
use of the compressor at an awkward 
angle. 

Figures 69 and 70 show typical 
Alemite fittings. One end of the 
fitting is open and is threaded to fit 
the threads in the bearing, into which 
an oiler or grease cup has been 
screwed. The other end of the fitting 
is the one to which the com[)ressor Fia. 69.— Straight fittings, 
or hose is to be attached. In ohUt 

to keep all dirt out of the b(\ai*ing and to prevent leakage of 
lubricant, each fitting is soa](‘d by a })all check valve (Fig. 69). 
The cross pin (Fig. ()9) serves two purposes. First, it holds 
the small check- valve spring in place; and second, its pro- 




Fig. 70. — hJbow fittings. 

truding ends serve as a means of coupling an Alemite hose 
or compressor. 

The fitting, of course, is a gateway or entrance point through 
which lubricant is forced into the bearing. Each bearing must 
be equipped with a fitting at the point where the lubricant can 
best be distributed to all points of the bearing surface. The 
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fittings remain permanently in their respective places and are 
never removed. 



Figure 71 shows a cutaway view of 
the Alemite-Zerk 7-C compressor. The 
action of this is somewhat different from 
that of the standard Alemite compressor 
shown in Fig. 67. 

“ When the compressor is pressed against 
the fitting, the plunger (F)* moves for- 
wards, forcing the lubricant in the nozzle 
tube (F) directly through the fitting into 
the bearing. 

“When the pressure on the handle (D) 
is released, the ball cluick (G) in the nozzle 
(C) returns to its seat by the action of 


Fig. 71. — ^Alemite- Fig. 72. — ^Elbow fittings for Alemite-Zerk 

Zerk compressor. compressor. 



Fig. 73. — Straight fittings for Alemite-Zerk compressor. 




HIGH-PRESSURE LUBRICATION SYSTEM 103 

the spring (H) in the cap (i). As the plunger (E) is forced 
back the nozzle tube (F) is refilled with new lubricant by 
vacuum suction and atmospheric pressure against the cork 
follower (7), which slides freely along the plunger stem, causing 
it to follow the lubricant after each stroke.” 

Figures 72 and 73 show several types of elbow and straight 
fittings for the Alemite-Zerk compressor. 
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Job No. 9 

TO OPERATE A HARROW 
(Spike-tooth, spring-tooth, or disk harrow) 

Operations Necessaiy to Perform the Job. 

Note . — Disk harrow should first be lubricated as described in 
Job No. S. 

1. Transport harrow to one corner of field. 

2. Adjust hitch. 

3. Adjust depth of harrowing on first trip across field. 

4. Lay out field for harrowing (see a and h in instruction 4 below). 

Description of Operations. 

1. Transport the harrow to the field with the disks or teeth 
in the idle (not in the working) position, to prevent tearing up 
the roadway. Drive to one corner of the field. 

2. The problem of hitching with a harrow is not difficult. 
The center of power can be brought directly ahead of the 
center of Resistance (see (Jiapter 1, page 54). No side draft 
will exist if all the sections of the harrow are set at an equal 
depth. 

The vertical adjustment of the hit ch should be such that the 
front of the harrow sections penetrates properly. If the hitch 
is too high at the power unit, or too low at the harrow, the 
front of the sections may be raised from the ground, or, with a 
disk harrow, good penetration cannot be sc'cured. 

The same condition may result if the hitch rods or chains 
connecting the harrow to the power unit are too short. 

The hitch for a disk harrow should be adjusted so that the 
stub pole is level when the harrow is in operation. This may 
be regulated at the tractor draw bar, or, if horses are used, at 
the tongue truck of the harrow. Proper penetration and light 
draft cannot be secured without a correct hitch. 

3. The depth to which the harrow penetrates is the most 
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important field adjustment. It is often necessary to change 
this adjustment in different parts of the same field. The 
levers are placed within easy reach of the oi)erator, for this 
purpose. 

Spike-tooth harrows can be made to level the ground well 
and to fill up the dead furrows left by the plow. Proper prepa- 
ration of a field usually requires that it be harrowed first in the 
direction in which it was plowed, and then crosswise (called 
cross-harrowing). In cross-harrowing, rtmch of the dead fur- 
row is filled by the soil draggc'd into it by the harrow. 

In trashy fields it is fnKjuerdly necessary to raise each sec- 
tion and free it from trash. If allowed to accumulate, the 
trash will raise the section from the ground. 

It is usuall}^ not difficult to g(‘t good penetration with a disk 
harrow. On hard ground, sod land, or wet ficilds, the follow- 
ing adjustments, all of which affect the penetration of th(' disks, 
must be carefully checked. 

(a) Scrapers . — On tractor harrows the scrapers should 
be set about 1 in. from tln^ outer edge of the disk, and so 
that the scraper blade just debars the face of the disk when 
the harrow is in action. On horse-drawn harrows, the foot 
lever should be adjusted so that the scraper may be moved 
freely from the c(‘nt(T of the disk toward th(‘ outer edge, 
with the lever stop set so as to prevent the scraper from pass- 
ing beyond the outer edge of the disk. 

(b) Angling Levers. The angling levers will set the 
disks at any desired angle. The greater the angle the more 
deeply the harrow will penetrate. 

(c) Third Lever or Snubbing Block . — A third lever or 
snubbing block is usually provided, by means of which a 
downward pressure may be put on the set lever bars. This 
should be set so that the inner ends of the disk gangs will 
cut as deep, but not deeper, than the outer ends of the gangs. 
If too much downward pressure is used the grouhd will be 
ridged at the center of the harrow. 
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barrow seeder (Fig. 75) to machines large enough to require 
three or four horses to draw them. The end-gate seeder (Fig. 



Courtesy cf I uter national llaivcsltr Co. 


Fk;. 76. — End-gate seeder. 


76) is a common type of broadcast seeder. It is designed to 
be attached to the end gate of a wagon and is driven by 



Courtesy of International Harvester Co, 


Fi(i. 77. — A standard type of broadcast seeder. 

sprockets and chain, the power being taken from bne of the 
wagon wheels. 
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Broadcast seeders are also made in large sizes and are in 
general use in some regions. Figure 77 shows a standard type 
of broadcast seeder. 

Grain drills are used more extensively than seeders. The 
drill is equipped with furrow openers, so that the seeds are con- 
ducted through tubes to the bottom of a small furrow and then 
covered by means of an appropriate covering device. The drill 
plants the crop in regular, evenly spaced rows. 



Courtesy of Deere & Co. 

Fig. 78. — One-horse grain drill with fertilizer attachment. 

The grain drill must accomplish the following: 

1. Plant the seed evenly (without bunching) at a uniform 
depth. 

2. Sow the proper amount of seed per acre. 

3. Maintain equally spaced rows of seed. 

4. Cover the seed well. 

It is also necessary that a drill be so constructed that it can 
sow accurately either large seeds, such as peas, or small seeds, 
such as flax. The quantity of seed desired per acre also varies 
greatly. Fifteen to 20 lbs. per acre of flax is commonly used, but 
as much as 90 lbs. of oats is often sowed per acre. The drill 
must be provided with the proper adjustments to make these 
changes possible. 
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The custom of drilling fertilizers in with the seed has become 
common in many sections. For this purpose the seed box of 
the drill is made in two compartments, one for the seed and the 
other for the fertilizer. Drills designed for this purpose are 
called fertilizer drills.^' The term plain drill refers to 
drills that do not drill in fertilizer with the seed. 

Sizes. — The size of a grain drill is determined by the number 
of seed tubes or furrow opemers used. One of the most popular 
sizes has twenty furrow openers, spaced 0 ins. apart. This drill 
would cover 10 ft. of ground with each trip over the field. The 
size of this drill is expressed as 20 x 6. Seven-inch and 8-m. 
spacing of the furrow openers is also used. 

Drills may be obtained with as many as twenty-four furrow 
openers, which makes the drill 12 ft. in width. The smallest 
size commonly used with two horses is about 5 ft. in width 
and is equipped with ten furrow o^xmers. Figuie 78 shows a 
one-horse drill. 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Frame (Fig. 70). — The frame is usually constructed of 
angle steel. Figure 79 shows a closed-end type of drill frame. 
The frame should be well braced and strong, as it must hold all 
parts in proper alignment. It is the base of the drill and all 
other parts are connected to it. Figure 79, a, shows the rein- 
forcement of the corners. The cross ties (Fig. 79, h), serve to 
stiffen and strengthen the frame. 

2. Axles. — There are two types of drill axles. One of these 
is the one-piece or continuous axle, which runs the full length 
of the frame. The other type is a two-piece or stub axle. The 
axles are attached to the under side of the frame. Drill axles 
are live axles, that is, they turn with the wheels. Suitable 
bearings are provided for the axles at several points along the 
drill frame. Power is taken from the revolving axle to drive 
the feeding mechanism of the drill. 

The outer ends of the axle are usually provided with roller 



112 


GRAIN DRILLS 


bearings (Fig. 80). As most of the weight of the drill is carried 
on these bearings, they should be of ample size and should 

always be kept well 
lubricated. 

3. Wheels, 
Ratchets and Pawls. 
— The wheels (Fig. 
79, r) may be made 
of wood or of steel. 
They are provided 
with a wide tire (8 
or 4 ins.) to prevent 
their sinking deeplj'' 
into the soft seed 
bed. 

Where the long, 
one-piece axle is 
used t he wheels are 
connected to it by 
means of ratchets 
and pawls. The 
pawls (P"ig. cSl, r) 
are held by rivets to the hub cap (d). The hub cap is fastened 
securely to the axle by a pin, which passes through the hole in 
the hub cap. The inside of the hub of the 
wheel is built with a series of notches or 
teeth which engage the pawls. These are so 
shaped that when the wheels turn forward the 
pawls and hub cap revolve with them. The 
hub cap, being securely i)inned, causes th(^ axle 
to turn with it. Thus the forward motion of — Roller 

the wheels not only transjwrts the machine but on 

,..i r i-i'-xi 1 grain-drill Axle, 

also IS the source of power for driving the seed- 
ing and fertilizer-feeding mechanisms. 

The reverse motion of the wheels, when the drill is backed 
up, causes the notches in the wheels to slip over the pawls with- 




Fia. 79. — Cross section showing construction 
of the grain drill. 
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out engaging them. Thus, when the drill is backed up, the 
axle does not turn and the feeding mechanisms do not operate. 
When the drill is turned around, the wheel on the outside of the 
turn drives the axle, while the one on the inside slips over the 
pawls. The action on a turn is similar to that of a differential. 

This construction is referred to as ratchet drive ” or 
ratchet and pawls.” It is used on many farm machines and 
should bo clearly understood by the student. The construction 
is simple and gives littk^ trouble when the parts are new and 
properly fitted to each other. As the machine is used and the 
parts wear, the ratchet is likely to slip over the pawls. The 
pawls and pawl springs (Fig. Sl,rO must be re- 
newed fre(]U(^ntly. Sometimes the pawls come 
loose while the machine is in operation, usually 
because the hub cap, which carries tlui pawls, is 
not tight against the wh(‘(d that carriers the 
ratchet or teeth. There is usually an adjust- 
ment provided to keep these parts snugly to- 
gether. In some drills, two or more holes are 
drilled through the hub caj) (Fig. 81, d). If the 
pin is put through the outer hole the two parts are drawn 
tighter together. 

Where two-piece or stub axles are used, the ratchet and 
pawls are not nc'cessary, the wheel being 
pinned directly to the axle. Each wheel 
and axle is ind('f)endent of the other, and 
each drive's one-half of the feeding mech- 
anisjn of the drill. These mechanisms are 
built in halves. 

4. Seed Box, or Hopper. — The seed and 
Fig. 82. Fnd view of fprtili/,oi- hopp('rs ai’e carried on top of the 



Fig. 81.— Huh 
cap, pawls and 
pawl springs. 



seed and fertilizer lio])- 
jiers. 


frame. The sides are made of wood and 
the ends of the box are of iion. Figure 82 
shows an end-view of the hojipers on a fertilizer drill. They 
are placed toward the rear of the frame. The front compart- 
ment carries the seed and the rear compartment the fertilizer. 
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The interior construction of the seed hopper is illustrated 
in Fig. 83. The metal bridges (a) deliver all the grain to the 
feed cups (?;). These bridges prevent the accumulation of un- 
seeded grain at the bottom of the box. 


Fkj. 83. — Interior view of one type 
of bc(k 1 hopi)cr. 



Fig. 84. — Fluted Rrain- 
feeding device. 



Truss rods are used on large drills to reinforce the box and 
prevent its sagging in the middle. 

6. Grain-feeding Devices (Figs. 84 and 87).— There are two 
principal types of grain-feeding devices used on drills. 

(a) Flutexi Force Feed . — Figure 84 shows a fluted force-feed 
cup. One of these cups is provided for each furrow opener. 
They are attaclu^d to the bottom of the seed box (Fig. 83, h). 
The fluted feed wlu'el revolves with the sejuare feed shaft 
(h'ig. 81, a). Tile recesses in this wheel are 
filled up with grain, which is delivered as in- 
dicated in F'ig. 84. 

The deflector lip (Fig. 84, h) cleans the 
wheel and prevents the grain from being car- 
ried back into the seed cup. 

The cut-off, or follower (Fig. 84 , c), enters 
the feed cup through slots cut in one side. 
^ Its function is to sliut off a portion of the feed 

Tf “ of grain to be sowed 

lever used with 'nay be regulated. The fluted wheel 

fluted feed. and the follower may be moved together in or 
out of the feed cup by means of the feed-regu- 
lating levers (Figs. 85 and 86). The position of the adjustable 
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gate at the bottom of the feed cup may be changed as required 
for the various sizes of seeds to be planted. In some drills 
this gate may be entirely ojx'ued for sow- 
ing large seeds, such as peas or corn, or 
for convenience when cleaning out the seed 
box of the drill. 

(h) Double-run Force Feed , — This type 
of feecj cup is illustrated at C in Fig. 87. 

Both sides of the wheel (C) are ribbed or q. a ^ 
fluted. One side has small recesses and of feed-regulating lever 
is used for sowing small gr'ains. The other used with fluted feed, 
side of the wheel has larger spaces and is 
used for sowing the larger seeds, such as oats or beans. One 
wheel is provided for each furrow opener. The entrance to 




Fig. 87. — Double-run type of grain-feeding device. 


the side not in use is closed by means of a hinged metal lid in 
the bottom of the seed hopper (Fig. 87, A). 

The entire surface of the grooves in the feed wheel is always 
in contact with the grain, in this type of feed. The rate of 
seeding is controlled by varying the speed of the shaft which 
drives the ribbed feed wheels. A study of Fig. 87, /), will show 
how this is accomplished. A large multiple gear, with several 
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rows of teeth (a), is carried on the axle. Setting the sliding 
gear (6) toward the center of the large multiple gear will trans- 
mit a comparatively slow motion through the gears and chain 
to the square feed shaft (c). This causes the ribbed feed wheels 
to turn slowly, with the result that the amount of seed per acre 
is small. 

If the sliding gear (h) is set at the outer edge of the multiple 
gear, the rate of seeding is increased. There are usually from 
six to ten different settings possible on the multiple gear. 

Reducers (Fig. 87, B) are often used in feed cups to cut down 
the rate of seeding. These are metal pieces which are pressed 
into the bottoms of the seed cups. They decrease the size of 
the opening so as to give better control of the seeding rate of 
small grains. The reducers arc removed with a small wire hook, 
when not in use. 


6. Seed Tubes. — The seed tubes (Fig. 88, a) are commonly 
made of ribbon steel. They are fitted at the upper end with a 
metal cup which is attached to, and encloses, 

r the feed cups at the bottom of the hopper. 

This metal cup may have three tubes or 
branches leading into it, as shown at b. One 
branch is for the seed, one for the fertilizer, 
and one for the grass-seed attachment. ( Jrass 
seed is often planted with the drill. The 
grass-seed attachment is discussed on page 

Fio. 88. — Seed tubes * 

and seed cup. metal seed cup (fo) for plain drills has 

only two branches, one for the seed and the 
other for the grass seed. The seed tubes are sprung ov^r the 
bottom of the feed cups and are held in place by a flat spring 
latch. The entire seed tube can be easily removed without the 
use of tools. 

The function of the seed tube is to conduct the seed and 
fertilizer from the hopper down to the furrow opener. It 
should provide a straight and smooth passage for the seed, and 
should enclose and protect it from the scattering effect of the 
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wind. Figure 88, a, illustrates clearly the position of the seed 
tubes. 

7. Furrow Openers (Fig. 89). — There are four types of fur- 
row openers commonly used on drills. They all have the same 
function, namely, to open a furrow of the desired depth, into the 
bottom of which the seed is dropped. 

(a) II oe Furrow Opener (C). — This is the oldest type in 
use. It is furnished with a double-pointed shovel (6). If this 
shovel is kept sharp, good penetration may be secured. One 
objection to the hoe furrow opener is that it tends to become 
clogged up in a trashy field. It is the simplest and perhaps 
the most durable of all types. 

Spring trips are usually provided, so that the hoes are auto- 


Fig. 89. — Four typ(‘S of furrow openers. 

matically released if an obstruction is encountered. Hoes with 
wooden break pins (such as are used on cultivators) may also 
be secured. 

The penetration is increased by means of a pressure spring. 
The amount of downward pressure exerted by this spring is 
controlled by the lifting levers (Fig. 79, h). 

All types of furrow openers are provided with pressure 
springs, but the point at which the pressure is applied varies on 
the different types. 

Hoe furrow openers may be assembled in a straight rank, or 
they may be in “ zigzag rank like the single-disk furrow 
openers shown at d in Fig. 79. The zigzag placement is best 
for trashy fields as it gives more clearance between the hoes. 
The angle of the furrow opener is adjustable by means of the 
three holes shown at c in Fig. 89, C. 
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The hoe furrow opener is the most satisfactory type for use 
on rough, stony ground. 

(b) Shoe Furrow Opener (^). — This furrow opener is usually 
assembled on the drill in zigzag rank. The blades are made of 
high-carbon steel and may be resharpened on the anvil when 
dull. They scour well, and if properly adjusted will not give 
trouble in trashy fields. The draft of the drill is much reduced 
by the use of shoe furrow openers. 

An adjustment is provided for raising or lowering the for- 
ward end of the shoe. This adjustment is useful in preventing 
the nose of the shoe from picking up trash. 

The pressure spring is attached at the point indicated at a. 
The pressure is regulated by the setting of the lifting lever 
(Fig. 79, A). 

The lower end of the seed tube enters into the boot (6), 
which conducts the seed directly to the bottom of the furrow. 

(c) Single-disk Furrow Openers (D ) . — The disks are arranged 
in zigzag rank as illustrated at d in Fig. 79. One-half of the disks 
throw the soil toward the right, and the other half toward the 
left side of the drill, in the same manner as in the disk harrow. 

The seed boot is placed on the convex side of the disk. It 
should reach well down toward the bottom of the disk so that 
the seed will be deposited in the very bottom of the furrow. 

The pressure spring is attached as indicated at a. The 
pressure is regulated by the setting of the lifting lever. The 
tension of the pressure spring is also adjustable in many makes 
of drills. One method of adjusting this is by means of a wire 
hook at the bottom of the spring. By moving this hook to a 
higher hole the spring is raised and compressed. Thus the 
pressure on the furrow opener is increased. Pressure springs 
may be made in two pieces, so that one part threads around the 
coils of the other. The pressure is increased by turning the 
coil up, and decreased by turning it down. 

As the disks revolve when the drill is in operation, they must 
be provided with a bearing, which must be well designed, care- 
fully made, and properly lubricated. Since this bearing is so 
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located that it operates continually in a cloud of dust and grit, 
it should be dust-proof and oil-tight. Figure 90 shows the con- 
struction of the bearing of a single-disk furrow opener. The 
two bearing surfaces (h and c) 
are made of chilled iron. One 
of these surfaces c is riveted 
to the disk and revolves with 
it. The other h is stationary 
and is bolted to the drag bar/. 

A dust washer a and a ring e 
are used to make the bearing 
dust-proof. The dust ring 
is held in place with a coil 

. Ill- bearing used 

The bearings may be lubn- single-ditjk furrow openers, 

cated with oil or grease. The 
oil plug is shown at c in Fig. 89, D. 

Both sides of the disks are provided with scrapers. The 
lower end of the boot is provided with a scraper which cleans the 
convex side of the disk (Fig. 79, g). The scraper for the con- 
cave side of the disk is shown at d in Fig. 89, Z>. This is also 
adjustable, and may Ixi set off the disk entirely when not 
needed. Scrapers arc particularly useful in muddy, sticky soils. 

The single-disk furrow opener is widely used. It penetrates 
well and gives the ground an additional cultivation. It cuts 
through trash easily and is often used for drilling grain into 
fields of corn stubble that have not been plowed. 

The single-disk furrow opener has more wearing and moving 
parts than the hoe furrow opener. The action of the single 
disk throws all the soil to one side so that the drag chains (Fig. 
79, i) cover the seed almost entirely with soil from one side. 
Single-disk furrow openers cause heavier draft because of the 
thorough manner in which they work the soil. 

(d) Double-disk Furrow Opener . — Figure 89, 5, shows an 
interior view of a double-disk furrow opener. The location of 
the drag bar &, the oil tube c, and the outside scraper d are 
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clearly shown. The grain boot e, which conducts the seed 
to the bottom of the furrow, is located between the two 
disks. 

The two disks arc made of flat blades of steel set at an angle 
to each other. They meet at the front, with one extending 
slightly ahead of the other. This causes better penetration. 
The spread at the rear of the disks causes them to open a furrow 
from 1 J to 2 ins. wide. 

Figure 89, shows an interior view with one disk removed. 



Courteny of Peoria Drill and Seeder Co, 

Fig. 91. — Press- wheel drill. 


The double-disk does not penetrate as well or cultivate the 
ground as thoroughly as the single-disk. It covers the seed 
somewhat more evenly, and the draft is lighter. The inside and 
outside scrapers prevent clogging on wet or sticky fields. The 
single-disk opencir cuts through trash better than the double- 
disk. 

8. Covering Devices (Fig. 79, i ). — Drag chains are com- 
monly used for covering the seed. They arc hooked into the 
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rear of the seed boot. One chain is provided for each furrow 
opener. 

Drag chains are used with all the types of furrow openers 
mentioned above. They cover the seed well but do not pack or 
firm the soil above it. 

In sections where it is desirable to conserve the soil moisture 
carefully, and in dry seasons, the press-wheel drill is used 
(Fig. 91). In this drill press wheels replace the high wheels 
of the standard drill. The feeding mechanisms are driven by 
a chain from the press wheels. 



('ourte.sy of Peoria Drill and Seeder Co. 

Fig. 92. — Press-wheel attachment for standard high-wheel drill. 


Press-wheel attachments may be secured for the standard 
high- wheel drill (Fig. 92). 

On(^ press wheel follows each furrow opener and firmly packs 
the soil above the seed. 

9. Fertilizer-feeding Device (Fig. 93). — The most, commonly 
used fertilizer-feeding method is called the finger feed.'' The 
location of the fingers in the bottom of the hopper is shown in 
Fig. 93. One finger wheel is provided for each furrow opener. 
The finger wheel is seated into a bevel gear on the bottom of the 
fertilizer hopper {b and c). The bevel gear meshes with a 
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small pinion {d) which is connected to the fertilizer feed 
shaft. 

As the fingers revolve in the bottom of the hopper, the space 
between them fills up with fertilizer. These small loads of fer- 
tilizer are carried toward the adjustable gate (e), which con- 
trols the size of the opening to the fertilizer outlet. The gates 
are adjusted by means of the lever shown in Fig. 82. A 

series of notches for this lever 
makes possible twenty-five or 
thirty settings of the gates. 

A knocker (Fig. 93,/), with 
a heavy head is pivoted just 
over the outlet to the seed 
tube. As the fingers pass over 
this outlet the knocker is raised 
by the finger and drops on the 
spaces between the fingers. This breaks up any lumps of fer- 
tilizer, drives them through the outlet, and prevents plugging. 

The amount of fertilizer required per acre is subject to great 
variation. Fertilizer feeds, therefore, must have a wide range 
of adjustment. Many fertilizer drills may be adjusted to sow 
from 50 to 1100 lbs. of fertilizer per acre. This adjustment is 
accomplished by the setting of the gates, as above mentioned, 
and also by varying the speed of the fertilizer feed shaft. The 
speed of this shaft may be regulated by means of a change of the 
gears, which provide at least two speeds. The fertilizer feed 
shaft is driven from the drill axle by a chain. 

10 . Lifting Devices (Fig. 79, h ) . — Two levers, called the lifting 
levers, are usually provided for raising and lowering the furrow 
openers. Each lever raises one-half of the furrow openers. 
Tractor drills are often provided with a power lift. This is 
operated by a rope from the driver's seat on the tractor and is 
very similar in construction to that used on plows. 

11 . Clutch. — A simple type of toothed clutch is placed on 
each end of the main axle. Lowering the furrow openers 
engages these clutches, so that the feeding mechanisms begin 


e 



Fig. 93. — Fertilizer feeding deviee. 
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to operate as soon as the furrow openers are lowered. In some 
types of drills it is possible to disengage the clutch when the 
furrow openers are down. With disk drills this is convenient, 
as it is frequently desirable to disk without seeding or to seed 
with only one-half of the drill. 

12. Grass-seed Attachments (Fig. 88, c). — A small hopper for 
grass seed may be attached in front of the main hopper. A 
small tube (Fig. 88, d) conducts the grass seed into the main 
seed tube and plants it with the grain. 

The grass-seeding attachment is driven from a sprocket on 



Courtesy of International II arvester Co. 

Fig. 94. — Power lift tractor drill. 


the main axle. The construction of the hopper and feeding 
mechanism is very similar to that of the grain drill. 

13. Poles and Tongue Truck. — Small grain drills arc usually 
furnished with one pole. Drills of 8 ft. or more have two poles 
and are equipped with four-horse eveners. A drill with a tractor 
hitch is shown in Fig. 94. 

Tongue trucks or forecarriages may be secured. They are 
particularly desirable when drawing several drills behind one 
tractor. 

14. Surveyor, or Land Measure (Fig. 95). — A surveyor, or 
land measure, is usually placed on the back of the hopper. 
It is driven from a worm on the main axle, which drives a worm 
gear on the back of the surveyor (a) . 
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The surveyor operates only when the drill is seeding. The 



Courtesy of International Ilarvenler Co, 


Fio. 95. — Surveyor or land 
measun'. 


movement of the drill axle causes 
the dials of the surveyor to turn 
very slowly. A certain number 
of turns of the drive wheels will 
move the drill far enough to seed 
one acre. The same number of 
turns moves the dial through a 
certain space, which is marked 1, 
or 1 acre, on the dial. The dial 
reads in acres or fractions of an 
acre. The surveyor is very useful 
in enabling the operator to keep a 


careful check on the quantity of 


seed per acre. A throw-out arm b throws the surveyor out of 


action when the furrow openers are raised. 
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LABORATORY STUDY NO. 6 

To determine the accuracy of planting or the amount of 
grain sowed per acre. 

Equipment Necessary. — Grain drill and a bushel or more 
of seed grain. 

Procedure. 

1. Jack up the drill so that the drive wheels are free from the 
floor. 

2. Place the grain to bo sowed in the seed hopper. 

3. Determine the number of revolutions of the drive wheel 
necessary to plant an acre. To do this, the diameter of the 
drive wheel and the width of the drill must be considered. In 
making this test, each half of the drill should be tested sepa- 
rately. 

4. Set the feed-regulating device to sow the desired quantity. 
Example . — Suppose it is desired to sow oats at the rate of 

6 pecks per acre. 

(a) For fluted-wheel feed drills the indicating lever should 
be set according to the indicator plate on the hopper (Figs. 
85 and 80). 

(b) For internal double-run feed drills the adjustment is 
made by moving the sliding gear in or out on the multiple 
gear (Fig. 87, D). In this case it might be set by placing the 
latch, which moves the gear, in notch No. 3 (Fig. 87, e) pro- 
vided that the small sprocket (six-tooth) is used at d. Two 
sprockets are usually furnished for this type of feeding 
device. 

The six-tooth is the slow-speed and the twelve-tooth the 
fast-speed sprocket. 

Complete grain and fertilizer sowing tables are furnished 
with each drill. In some drills they are printed on sheets of 
paper or tin, tacked to the inside of the lid of the hopper. In 
other makes the figures are cast into the metal at the ends of the 
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hopper. The information contained in these tables is very 
important and should be carefully preserved. 

5. Lower the furrow openers so that the feeding mechanism 
is in gear. 

6. Set the surveyor, or land measure, at zero. 

7. Give the drive wheel the required number of turns to 
plant i acre. 

8. Measure the amount of grain planted. 

(а) If too much has been planted, the setting of the 
feeding mechanism or the adjustment of the seed cups is 
not right, or parts of the feed cup may be worn, allowing 
too much grain to pass through. 

(б) If too little has been planted, the setting may be 
wrong, or parts of the feed cups or wheels may be plugged up. 

9. Take the reading of the surveyor dial (this usually reads 
in fractions) and compare it with the amount of ground theoret- 
ically covered. In this manner a double check may be obtained 
on the rate of seeding per acre. 
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LABORATORY STUDY NO. 7 

To determine the accuracy (amount per acre) of the fertilizer- 
feeding deAdce. 

Equipment Necessary.— Same as for Laboratory Study 
No. 6, using fertilizer in the fertilizer hopper instead of seed in 
the grain hopper. 

Procedure. — Same as for Laboratory Study No. 6. Fei> 
tilizer-sowing tables are furm'shed with each drill, or may be 
secured from the manufacturer’s instruction book sent with the 
drill. 
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Job No. 10 

TO REPAIR A GRAIN DRILL 

Operations Necessary to Perform the Job. 

1. Clean grain hopper, fertilizer hopper, and feed cups. 

2. Test and lubricate feed shafts. 

3. Replace worn chains or gears. 

4. Replace worn pawls and springs. 

5. Adjust stub axles (if used). 

6. Adjust pressure springs. 

7. Test and adjust furrow-opener parts. 

8. Remove disks. Clean and lubricate disk bearings (where disk 

furrow openers arc used). 

9. Adjust scrapers. 

10. Adjust balance springs. 

11. Grease surface of disks to prevent rust. 

12. Paint all other metal and wood parts. 

Description of Operations. 

1. Remove the seed tubes and thoroughly clean out the 
grain hopper, fertilizer hopper, and all feed cups. Some types 
of fertilizer are injurious to metal, and the drill should never 
be stored away with any fertilizer in the hopper. 

2. Oil all bearings of the feed shafts and all gears that drive 
the feed shafts. Jack up the drill, lower the furrow openers, and 
turn the drive wheel by hand until the feed shafts turn easily 
and freely. Freciuently these parts become rusted.^ If taken 
to the field in this condition the shafts are very often broken. 

3. Replace any worn chains or gears between the main axle 
and the feeding mechanism. 

4. Remove the wheels from the main axle. Clean and lubri- 
cate the main wheel bearings. Examine the pawls (if used) and 

^ If the feed shafts are st\ick tight it is best to loosen them by turning 
them with a monkey wrench, before attempting to turn them with the 
drive wheel. 
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replace any that are worn or broken. Test the tension of the 
pawl springs and replace weak springs. 

When replacing the hub caps be sure that the pawls are 
properly engaged in the ratchet of the wheel and that there is a 
slight looseness, or end play, between the wheel and the hub cap. 

5. With stub axles, adjust the inner end of the axle so that 
top of the drive wheel slants slightly away from the hopper. 
This adjustment cannot be made on drills that have the one- 
piece axle. 

6. Examine the pressure springs. lieplace any that are 
broken and adjust all to equal tension. 

7. Raise the furrow openers from the floor and test each one 
for loose connections. The connections may become loose at 
the drag bar, between the seed boot and the drag bar, or at the 
frame of the drill. Uneven and ragged seeding results. Tighten 
all such connections. 

8. Remove the disks, clean and lubricate the bearings 
(where disk furrow openers are used). Test the bearings for 
looseness and replace any that are worn. A loose bearing 
causes the disk to wobble, and poor seeding results. Be sure 
all oil tubes are clean, so that the disk bearings will receive 
proper lubrication. 

9. Adjust the scrapers to conform to the surface of the 
disks. 

10. Adjust the balance springs (attached to lifting lever) so 
that this spring pressure is suflicient to help raise the furrow 
openers when the lever arm is “ past center ” in the upward 
position and also to help force them down when the lever arm 
is “ past center ” in the downward position. 

11. Cover the steel surfaces of the furrow openers with a 
thick coating of grease to prevent rust. 

12. Paint all other metal and wooden parts of the dnll. 
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Job No. 11 

TO LUBRICATE ALL PARTS OF A GRAIN DRILL 

Operations Necessary to Perform the Job. 

1. Grease or oil disk bearings. 

2. Grease or oil axle bearings. 

3. Grease or oil bearings of all other working parts. 

Description of Operations. 

1. Grease or oil the disk bearings thoroughly. The bearings 
are dust-proof only when full of grease. Bearings that have 
become worn through lack of proper lubrication result in poor 
seeding. 

2. Grease or oil the main axle bearings. 

3. Oil the bearings of the following parts: 

(а) feed shaft; 

(б) gears; 

(c) surveyor worm and gear; 

(d) fertilizer feed shaft; 

(e) sprockets; 

(J) lever detents; 

(g) power-lift parts (tractor drills). 
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Job No. 12 

TO OPERATE A GRAIN DRILL 
(Fertilizer Type) 

Operations Necessary to Perform the Job. 

1. Distribute bags of seed and fertilizer across ends of field. 

2. Operate drill idle for a few minutes. Lubricate thoroughly. 

3. Adjust hitch. 

4. Fill seed and fertilizer hoppers and adjust rate of seeding and 

flow of fertilizer. Set surveyor. 

5. Start seeding at one edge of field (leave headlands at each end 

if necessary). 

6. Regulate depth of seeding. 

7. Seed main part of field. 

8. Seed in headlands. 

Descriptions of Operations. 

1. Distribute sacks of grain and fertilizer along the ends of 
the field so that the hoppers may be conveniently filled as 
required. The operator should always be sure that the hoppers 
are sufficiently full to complete the trip across the field. If 
they become empty in the field it is difficult to find the exact 
spot where the seeding stopped, and an unseeded place may 
thus be left. 

2. Squirt kerosene on the bearings of all parts of the feed 
shaft and fertilizer shaft. Turn these shafts slightly with a 
monkey wTench to make sure they are free. Breakages often 
occur because the drill is started with these shafts stuck. 

Lower the furrow openers and operate the machine idle for 
a few minutes. Stop and raise the furrow openers and oil all 
parts of the drill thoroughly, as described in Job No. 11. 

3. The horizontal hitch presents no difficult problem with 
drills. The power unit may be connected to the center of the 
drill so that the center of power and the center of resistance fall 
in the same line. • 
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The vertical hitch should be such that the seed and fertilizer 
hoppers will be level when the drill is in operation. This may 
be regulated by the neckyoke straps where horses are used, or 
at the connection between the pole and the frame. On tractor 
drills the necessary adjustment may be made at the stub tongue 
or tongue truck (if used) or in some cases on the draw bar of 
the tractor. 

If the pole is too high above the ground, the rear of the drill 
will be lowered. This results in too deep planting* and covering. 
If the front end of the pole is too low, the seed will not be 
planted deep enough or will not be thoroughly covered. 

4. Fill the seed and fertilizer hoppers. The amount of seed 
to use per acre depcmds upon the climate, the fertility of the 
soil, the amount of rainfall, the size of the seed, and many other 
factors. It is a problem that should be given ample study, and 
the results of the various regional customs should be carefully 
observed. 

The amount of fertilizer to be usiid per acre also depends 
upon a variety of factors. 

The method of setting the rate of seeding and the rate of 
sowing fertilizer has benm thoroughly discussed in this chapter 
and explained in Laboratory Studies Nos. G and 7. The opera- 
tor is again cautioned to preserve the seeding tables and fer- 
tilizer-sowing table furnished with the drill. In some cases 
these tables are printed on cardboard sheets. These sheets 
should be kept in a safe place. 

The surveyor, or land measure, should be set at zero before 
each new field is started. This may be done by loosening the 
nut that holds the dial hand and turning the dial back to zero. 
This adjustment is important in that it gives the operator a 
means of checking up on the rate of seeding. 

5. Lower the furrow openers and start across the field with 
the drill seeding just inside the space desired for a headland. 
Raise the furrow openers when the opposite headland is reached. 
Turn the drill clear around with furrow openers raised. Lower 
the furrow openers after the turn is completed and seed back 
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across the field. On the return trip, have the drill wheel on 
the inside of the strip lap over the wIkkjI mark made on the first 
trip across. In this way no ground will be left unseeded. 

Headlands, or turning strips, are left at each end of the field, 
as in plowing. A convenient method is to leave headlands of 
equal width on all four sides of the field. The work is begun 
at one corner. The drill is driven straight across the field, seed- 
ing as it goes. When the headland at the opposite side is 
reached, the furrow openers are raised. The drill is turned en- 
tirely around on the headland. The furrow openers are low- 
ered again after the turn is complete, and the drill is in position 
to start the seeding for the return trip across the field. 

6. The depth of seeding is regulated by the raising levers 
and the pressure springs. The setting of the pressure springs 
will vary for different soils. A setting that would give the 
propcir depth of seeding on hard ground would cause the depth 
to be too great on soft ground. In very loose soil the weight 
of the furrow openers alone is often sufficient to give the neces- 
sary penetration. 

7. Heed in the main body of the field by making successive 
trips back and forth. Be sure that the inside wheel always laps 
over the previous wheel mark. 

The following adjustments may best be made after seeding 
has begun: 

(а) Adjustment of Balance Springs . — The tension of these 
springs should be set so that the furrow openers are raised 
properly and are held firml}" in the raised position by the 
springs. 

(б) Adjustment of Scrapers (disk furrow openers). — The 
tension of disk scrapers should be sufficient to clean the 
disks properly when the soil is wet. In dry weather the 
scrapers are not necessary, and should be turned back away 
from the disk. 

8. After the main part of the field has been seeded by trips 
back and forth across it, the headlands may be seeded. To 
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accomplish this the drill is driven clear around the field, the 
furrow openers being kept in the lowered position during the 
entire trip. When finishing up a field it is often desirable to seed 
with only one half of the drill. The last unseeded strip may be 
so narrow that only half the drill is required to seed it. The 
opposite half of the furrow openers may be raised (and thus 
not seed) or they may be kept in the lowered position and the 
clutch controlling the feed shafts disengaged. 

FIELD TROUBLES 

1. Trashy Fields. — On trashy fields the furrow openers 
become plugged up and raised from the ground with the result 
that the seed is scattered. A single-disk drill is the most satis- 
factory for such conditions. 

2. Worn Disk Bearings. — This condition allows the disks to 
wobble. The rows become irregular, and some of the seed is 
scattered and not covered properly. 

3. Lack of Penetration. — This trouble may occur on very 
hard ground even though all parts of the drill are in good con- 
dition. It is usually due to improper setting of the raising 
levers or pressure springs. 

4. Seed Cracked by the Drill. — A wrong adjustment of the 
feed cup causes this trouble. All modern drills are capable of 
the necessary adjustments to plant nearly all seeds. 

6. Rate of Seeding too Fast. — This is a common trouble 
caused by a wrong setting of the feed. Oftentimes operators 
forget to put in the reducers (Fig. 90, B) and the rate of seed- 
ing is too fast even though the setting is correct. 

6. Rate of Seeding too Slow. — This is caused by an improper 
setting of the feed-changing device, or by the use of reducers 
when they are not required. 

Drilling is a more satisfactory method of planting grain 
than broadcasting. Less seed is necessary, the seed is covered 
more evenly, and germination and growth are more nearly 
uniform. 
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Grain drills are used much more extensively in the grain- 
producing regions than are broadcast seeders. The results of 
many experiments indicate that the yield is better with drilled 
seed than with broadcast seed. 

Grain drills arc designed for operation either with horses or 
with tractors. Power-lift devices, for raising the furrow open- 
ers from the ground, are usually supplied on tractor drills. 
Stub or short poles are also used on tractor drills. When sev- 
eral drills are pulled behind one large tractor, they must be 
hitched so that there will be no unplanted ground between the 
strip seeded by one drill and that seeded by the following one. 



CHAPTER IV 


CORN PLANTERS 

Cora planters may be divided into three classes, as follows: 

1. Drills. 

2. Listers. 

3. Check-row planters. 

The drill and the lister plant the kernels at regular intervals 
along the row. This method of planting is called “ drilling.” 
Another method is to plant the corn in hills, with several kernels 



Courtesy of American beediny Machine Co. 


Fig. 96.— One-horse com drill. 

in each hill. Most corn planted in hills is put in with a check- 
row planter. The use of the check-row planter makes it possi- 
ble to have the hills line up both ways. For this reason a field 
planted with a check-row planter may be cultivated in two 
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directions (cross-cultivated). It is possible to secure a hill- 
drop device for some makes of corn drills and corn listers. Such 
a device will plant corn in hills, but the hills do not check ” 
or line up both ways. Cross cultivation would be impossible 
with this type of planting. The check-row planter, however, 



( ourlcsy vf American, Hicdinu Machine Co. 


97.— -Two-horse, two-row com drill. 


can be used for either drilling or check-row planting. It accom- 
plishes either style of planting equally well. 

Com Drills (Figs. 96 and 97). — The corn drill is the sim- 
plest of the three types. Figure 96 shows a one-horse com 
drill. A steel runner, or shoe, is used to open the furrow for 
the seed. The kernels drop from the hopper through the metal 
seed tube to the bottom of the open furrow. The corn is cov- 
ered by the main wheel, which tracks behind the seed tube. 
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This wheel also drives the seed plate, which revolves inside of 
the hopper. The driving power is transmitted from the wheel 
to the seed plate by means of the pitman, shown in Fig. 96. 

A two-horse, riding corn drill is shown in Fig. 97. This 
machine plants two rows at a time. The width between the 
rows may be varied from about 30 ins. to 48 ins. The construc- 
tion is similar to that of the one-row corn drill. A chain from 
the main axle turns a drive shaft which extends from one 
hopper to the other. Both seed plates are driven by this shaft. 
Each main wheel tracks behind a furrow opener and covers the 


Both the single-row drill and the two-row drill may be 
equipped with fertilizer attachments, so that the fertilizer may 
be distributed when the corn is planted. 

Corn drills are usually furnished with three sets of seed 
plates (Fig. 98). One set may have 
twelve seed colls, one nine, and the 
other six. When the twelve-cell 
plate is used, the kernels are planted 
close together or about 7 ins. apart. 
With the nine-cell plate the interval 
is 10 ins., and with the six-cell plate 
about 15 ins. 

The interval between kernels 
may also be changed by varying the 
speed of the seed plates in relation 
„ , „ to the main wheel. This is accom- 

Courteay of Am. Seeding Machine Co. . , , . • ^ 

, , . plished by a change m the gears. 

Fig. ^ sprockets or pitmans used to drive 

the seed plates. Provision is made 
for making this change easily. 

Special seed plates may be secured for planting many other 
kinds of seed. Beans or peas may be planted with this type 
of drill, or may be planted with the com if desired. 

Com Listers. — A two-horse, riding com lister is shown in 
Fig. 99, and a walking lister in Fig. 100. The moldboard of 
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the lister throws the soil both ways, thus leaving an open furrow 
or trench for the seed. It might be said that the lister has a 



Courtesy of International Harvester Co, 
Fig. 99. — Two-horse riding corn lister. 



Courtesy of International Harvester Co. 


Fig. 100. — Two-horse, walking corn lister. 

double moldboard. The construction and placement of the 
principal parts arc clearly shown in Figs. 99 and 100. The 
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seed is dropped from the hopper through the seed tube to the 
bottom of the open furrow. Two disks (Fig. 101) follow the 
seed tube and cover the seed. 

A vertical steel blade will be noticed just to the rear of the 
moldboard in Fig. 99. This acts 
as a rudder and prevents the lister 
from swinging to one side in case 
the pressure on the two moldboards 
should be unequal. 

A small subsoil knife or plow 
will be noted just ahead of the 
disks in Fig. 09. This penetrates 
and loosens the subsoil just ahead 
of the seed tube. 

The distance between kernels 
may be varied on the lister in the same manner as on the corn 
drill. ('Otton or beans and many other seeds may be planted 
with the lister by using special hoppers and plates. 

The chief advantages of the lister planter are as follows: 

1. Saving of time and labor. — The seed bed is prepared and 
the seed planted in one operation. 

2. Saving of moisture. — The seed is planted at the bottom 
of the trench, so that the plants root deeply and use more of 
the subsoil moisture. 

3. Prevention of soil blowing.— The ridges left by the lister 
reduce this very effectively. 

Check-row Com Planters. — The check-row corn planter is 
more widely used than either of the other types, for the reasons 
stated on page 137. It is th(i type commonly used in the ( 'Orn 
Belt. As the principles of its construction embody those used 
in the other typos, it will be described here in detail. 

This machine may be used to plant the corn in hills or to 
drill it in rows. It is often referred to as a check-row planter. 
By the use of wire, the hills are planted at equal distances apart 
in each direction. The distance between hills in the same row 
is the same as the distance between rows. Corn planted in 



Courtesy of International Ilarventer Co. 
Fkj. 101. — Covering disks used 
on corn lister. 
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hills by means of the check wire may be cultivated in two 
directions, or cross-cultivated. This is advantageous in keep- 
ing the fields free from weeds. 

The corn planter must be capable of adjustments, making it 
possible to vary the number of kernels plantcnl in the hill. If 
it is used for drilling the corn, the distances between kernels must 
be controlled by adjustments providcnl on the jdanter. The 
distance between hills is determined by the distance b('tween 
the buttons on the check-row wire (Fig. 111). 

The corn planter must open a furrow of proper dej)th for 
the seed, drop the seed to the bottom of the furrow at the 
proper rate or interval, and cover the seed in the furrow. In 
addition to this, the rows must be straight and at equal dis- 
tances from each other. 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Wheels. — Tlu^ open-tire wheel (Fig. 102, a) is the most 
popular type. Closed-tire whecds and double wheels are also 
used. 

One of the wheels is retained on the axle by means of two 
collars, one inside and om^ outside of th(‘ wheel. Tlu^se are 
adjustable so that the wheel may b(i lined up with the furrow 
opener. 

The other wheel drives the axle and is bolt(‘d to it. Several 
holes are provided in the axle for the ])olt so that the spacing of 
this wheel may also be regulated. 

2. Main Frame (Fig. J02, h).~-Thi) main frame is usually 
made of a single piece of flat or chamud steel which is b(mt into 
the shape shown. The hok's in the front of the main-frame 
bars provide for attaching the main frame to the runner 
frame (Fig. 102, r). Axle boxes are bolted to the main frame 
and carry the axle beneath it (Fig. 102, r/). 

3. Axle (1^'ig. 102, e). — TIk' axle is usually a hollo w-st(Kd tube 
from 1 to 1 ins. in diameter and about 50 ins. in length. The 
series of holes at one end provide for the proper spacing of the 
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drive wheel, in order to make it follow directly behind the 
furrow opener. 

Double or triple sprockets (Fig. 102,/) are carried on the 
main axle. A chain runs forward from these to the feed shaft 
of the planter. Sprockets of various sizes are used to change 
the rate of seeding as required. A sprocket for winding up the 



Fid. 102. — Principal parts of the check-row corn planter. 


check wire and one for driving the fertilizer attachment are also 
carried on the rear axle. A clutch is usually placed on the rear 
axle to operate and control the sprocket which drives the fer- 
tilizer attachment. 

4. Furrow-opener Frame or Runner Frame. — The front 
ends of the main frame are bolted to the runner frame as shown 
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in Fig. 102, c. The runner frame extends across the planter 
and supports the seed hoppers and the seed-dropping plates. 
The runner frame is made of one or two long bars of flat or I- 
beam steel. Square pipe bars arc also used. The ends of some 
runner frames are closed so as to form a narrow rectangle. The 
corners are usually reinforced, and braces are placed across the 
frame in several places. The furrow openers, or runners, are 
connected below the runner frame. 

Accuracy and uniformity of planting depend to a large extent 
upon the rigidity of the runner frame, as the parts that actually 
touch and control the flow of seed are mounted on the runner 
frame. 

6. Feed Shaft (Fig. 102, h ). — The feed shaft is mounted on 
top of the runner frame and is driven 
by a chain from the rear axle (Fig. 

102, g). The proper method of placing 
the chain on the sprocket is illustrated 
in Fig. 103. Note that the hooks 103.— Proper method of 

, 1 -xi.LV ^ 2 j. asHombling chain on driving 

are placed forward with the slots out. sprocket 

The speed of the feed shaft may be 

changed by using the various driving sprockets on the rear 
axle (Fig. 102, /). Changing the spcied of the feed shaft is 
one method by which the distance between kernels in drilled 

rows may be varied. 

6. Seed Boxes, 
or Hoppers (Figs. 
lOG and 107).— The 
seed boxes, or hop- 
jxjrs, are mounted 
on the runner frame 
directly above the 
furrow openers. 

Fig. 104. — dutch and one type of variable drop One seed hopper is 
mechanism. provided for each 

furrow opener. They are fastened in place with a latch and 
a pivoted connection so that they may be easily inverted. It 
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is necessary to invert the seed hoppers when emptying out 
unused sec^d, or when changing the seed plate. 

7. Clutch (Fig. lot). -The clutch is mounted on the feed 
shaft; it transmits the driving power from the 
feed-shaft sprocket (Fig. 104, c) to the feed 
shaft. The sprocket is not keyed to the feed 
shaft but runs freely on it. The clutch must 
be engaged before the feed shaft is driven by 
the sprocket. 

When drilling corn the clutch is always en- 
gaged and the feed shaft turns steadily. When 
check-rowing corn the clutch is engaged before 
each hill is planted and disengaged after it is 
planted. The feed shaft, consc(|uently, turns 
intermittently when check-rowing. The engag- 
ing and disengaging of the clutch is accom- 
plished automatically, at exact intervals, by 

means of the buttons on the check-row wire 
Fig. 105. — Three >. 

types of seed ^ ^ 

plates. Seed Plates (Fig. 105). — The seed plate 

is located in the bottom of the hopper, as shown 
in Fig. 98. There are three types of seed plates used in corn 
planters. The edge-drop, as the name signifies, carries the 
kernel of corn on edge in the re- 
volving seed plate, as shown in Fig. 

100. The edge-drop plate is illus- 
trated in Fig. 105, A : The flat-drop 
carries tlie k(»rnel flat in the cell of 
the plate (h'ig. 105, B). Both the 
edge-drop and the flat-drop seed 
plates accumulate the necessary 
number of kernels for a hill one at 
a time. Each seed cell carries one 
kernel. As this cell passes over the outlet to the seed boot 
(Fig. 107, c) the kernel drops down to the first valve (Fig. 107, b). 
When the desired number of kernels have been collected, the 



Fig. 106. — Interior view of 
hopper and seed plate. 
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valve is opened and they are dropped to the lower valve (Fig. 
107, e) and thence to the bottom of the seed furrow. 

The full-hill-drop plate (Fig. 105, C) has large holes at equal 
intervals around the edge of 
the plate. These are large 
enough to allow several ker- 
nels (enough for one hill) 
to drop through to the 
valve. For this reason the 
plate is called full-hill-drop. 

This type is not used as 
generally as the other two, 
as it does not plant as 
accurately. 

Most corn planters are 
so designed that any one of 
the three types of seed 
plates may be used with 
them. The edge-drop seems 
to be the most satisfactory, ® 
provided the seed used is 
graded. 

The cells that carry the — Interior view of seed boot 

seeds are located around the and valves, 

outer edge of the s('ed i)late. 

The bottom of the seed hopper is crowned, or raised, so that 
all the corn is delivered to the cells of the plate. 

As the seed plates revolve, each cell passes over the outlet 
(Fig. 107, r) and drops its kernel. The cut-olT, shown in 
Fig. 106, prevents two kernels from entering the same seed 
cell and also prevents kernels from lodging or sticking in the 
cell. 

Several sets of plates are furnished with each planter. 
These arc usually marked large, medium, and small. This 
refers to the size of the cells, and the proper plates -should be 
used for the size of the kernels to be planted. 
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9. Seed-plate Gear and Pinion (Fig. 107). — The seed-plate 
gear is located directly beneath the seed plate. Notches on 
the upper side of this gear engage with and drive the seed plate. 
A small pinion meshes into the under side of the seed-plate gear 
and transmits the drive to it. The pinion is pinned to the feed 
shaft. Several holes are drilled through the feed shaft so that 
the position of the pinion may be changed when the width be- 
tween the furrow openers is varied. 

10. Variable-drop Devices (Fig. 104, d). — When planting 
corn in check rows it is desirable to be able to change quickly the 
number of kernels in the hills. In some parts of the field four 
kernels per hill may be desirable, while in other parts two kernels 
or three may be preferred. Check-row planters are usually 
fitted with a device for accomplishing this change. 

Four methods are in common use: 

(а) The pinion on the end of the feed shaft may be provided 
with three sets of teeth. This may be shifted to cause the seed 
plates to travel so that two, three, or four kernels may be 
planted in each hill. 

(б) The seed-plate gear may carry three rows of teeth on 
the under side. Shifting the pinion into the various rows of 
t eeth accomplishes the change in the number of kernels in much 
the same manner as described above. 

(c) Another type of variable-drop controls the distance, or 
rather the part of a complete revolution, made by the feed 
shaft for each hill planted. To plant four kernels, the feed 
shaft makes a complete revolution and four seed cells pass the 
outlet to the seed boot. To plant three kernels, the feed shaft 
makes but three-quarters of a revolution; and to plant two 
kernels, only one-half a revolution. 

(d) Three gear changes may be provided for the various 
speeds of the feed shaft. These are carried in an oil-tight case 
(Fig. 104, d) and are operated by the shifting lever (Fig. 104, e). 
The principle on which they act is similar to that used for 
tractor or automobile transmissions. 

In all the foregoing types of variable-drops, the movement 
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of the feed shaft, and consequently the movement of the seed 
plates, is controlled by the clutch. The feed shaft will turn 
only when the clutch is engaged. The means by which it is 
engaged and disengaged for the planting of each hill will be 
explained later in this chapter. 

11. Seed Boot (Fig. 107, d ). — The seed boot forms a passage- 
way for the seed from the seed plate down to the bottom of 
the furrow. It is usually in the form of a large rectangular tube 
of cast iron. The furrow opener is attached to the lower end 
of the seed boot. 

12. Valves (Fig. 107). — Two valves are enclosed within the 
seed boot. One of these is located directly below the seed plate 
(Fig. 107, b). The other is located near the bottom of the seed 
boot, close behind the furrow opener (Fig. 107, e). 

When planting corn in hills, the valves are closed until the 
required number of kernels arc accumulated. Then the valves 
are opened by the action of the buttons on the check wire. The 
kernels carried above the lower valve drop to the bottom of the 
furrow. The kernels that were carried above the upper valve 
drop down through the seed boot and are caught by the lower 
valve. Springs return the valves to the closed position. Valve 
action is so rapid that when the kernels are released from the 
upper valve the lower valve is closed in time to catch them. 
The action of the valves and the passage of the kernels of corn 
through the seed boot are illustrated in Fig. 107. 

The location of the lower valve makes it possible to carry 
the seed for one hill low down, near the bottom of the furrow. 
When the valve opens, these kernels are dropped together; 
they all reach the ground at the same time and are not scattered 
along at intervals. If only one upper valve were used it would 
be impossible to get three kernels planted near enough together 
to form a good hill. 

When drilling corn, the valves are not in use. They are 
locked in the open position with a latch or small foot lever, 
conveniently placed near the operator's seat. The clutch is in 
constant engagement, and the seed plates revolve steadily (not 
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intermittently, as for hill planting). Each kernel drops from 
its cell in the seed plate, through the outlet, down through the 
seed boot to the bottom of the furrow. 

13. Checking Head (Fig. 108) — The checking fork (Fig. 108, 
h) applies thci action of the buttons on the check wire to the 

planter. In order that the student 
may fully understand this some- 
what puzzling action, a complete 
explanation will be given. 

(a) The check-row wire (Fig. 
114) reaches clear across the field. 
It is staked securely beyond each 
end of the field by means of 
two anchor stakes (Fig. 114, a 
and h), 

(b) The wire is entered through 
the checking head (Fig. 108). The 
checking head includes all of the 
parts of the planter that guide or 

control the wire. Roller guides are used to hold the wire in 
the checking head and guide it to the checking fork. 

(c) As the planter is driven across the fields, the wire slides 
through the checking fork. One button after another strikes 
the checking fork and bends it down, as shown in Fig. 108, B. 

(d) The action of the checking fork opens the valves and 
engages the clutch. When the button on the wire has bent 
down the checking fork to the extreme position shown in Fig. 
108, B, the button slips jxast and the checking fork returns to its 
original upright position. The return of the checking fork 
allows the valves to close and the clutch to disengage. 

When the button on the wire strikes the checking fork and 
bends it backward, the following events take place simultane- 
ously : 

1. Kernels above the lower valve drop to the ground. 

2. Kernels above the upper valve drop to the lower valve. 

3. The clutch engages, causing the seed plates to turn and 



Fkj. 108 .— Checking head. 
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accumulate the kernels for another hill, above the upper 
valve. 

When drilling corn, the checking wire is not used. The 
checking fork is held down, the valves are always open, the 
clutch is constantly engaged, and the seed p)lates turn steadily. 

14. Furrow Openers. — The furrow opcnei's are attached to 
the lower end of the seed boot. 

Their function is to open a fur- 
row of uniform depth into which 
the seed may be dropped. The 
depth of the furrow and the 
depth of planting are regulatiid 
by means of the lever shown in fuj. io 9.— Stul>-runner furrow 
Fig. 97. A compression spring open, 

is used in connection with this 

lever to secure good penetration of tlie furrow openers. 

There are four types of furrow oi)enors in common use. 
Figure 107, /, shows the curved-runner opcncT; Fig. 109, the 
stub-runner; and Fig. 1 1 0, the single-disk. Double-disk furrow 
openers are also commonly used. 

The description of disk furrow openers in the chapter on 

drills applies equally well to 
those used on the corn planter. 
The construction of the curved- 
runner or shoe furrow opener 
is also similar to that of the 
shoe furrow opener used on 
drills. 

The stub-runner opener is 
designed for use on ground 
that has a great many stones 

Fio.llO.-Single^sk furrow opener, o’" ^ trash. 

The stub-shaped front of the 

runner gets under such obstructions and pushes them 
aside. 

Gauge shoes (Fig. 107, g) are frequently used with the furrow 
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openers. They serve to maintain a uniform depth in loose or 
very mellow soils. 

16. Covering Devices (Fig. 110, b ). — A set of coverers is usu- 
ally furnished with the planter, but in many soils their use is not 
necessary. The main wheels of the planter have a tendency to 
gather the soil and tamp or pack it lightly over the seed. 

16. Fertilizer Attachment (Fig. Ill) . — Fertilizer attachments 

may be mounted on any of the 
modern corn planters. 

A sprocket on the main 
axle drives the feed shaft of 
the fertilizer attachment. The 
speed of the feed shaft may 
be varied by changing the 
sprockets, thus varying the 
rate of flow of the fertilizer. 
The amount of fertilizer dis- 
tributed may also be changed 
by an adjustable gate provided 
on each hopper. 

The fertilizer feed is of the 
finger type (Fig. 111). The 
action of the finger feed is 



Fi«. 111. — Fertilizer attachment with 
interior view of finger feed. 


described in the chapter on drills. 

A fertilizer tube leads from the bottom of the hopper down 
to the rear of the furrow opener. A valve, placed in the 
lower end of this tube, is operated by the check fork, in unison 
with the valves of the seed boot. The action of this valve 
drops the fertilizer in the soil in the projx^r position with relation 
to the hill of corn. 

When drilling corn, the fertilizer valve is locked in the open 
position, in the same manner as the valves in the seed boot. 
This results in the fertilizer’s being drilled steadily into the 


row. 

17. Markers (Fig. 112). — It is very desirable that com be 
planted in straight rows, as such rows are easily and thor- 
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oughly cultivated and result in better yields. To obtain 
straight rows it is necessary that the planter be drawn in a 
straight line across the field. The function of the marker is 
to make a distinct line or mark in the soil 
which will serve as a guide to the operator. 

Figure 114 shows the position of the marker 
when the planter is in operation. The operator 
keeps the pole of the planter directly over th(^ 
line made by the marker on the previous trip 
across the field. Two t 3 q>cs of markers are 
shown in Fig. 112. These are both adjustable 
to suit the width between the furrow openers. 

The adjustment of the marker must be changed 

if the distance between the furrow openers is ^ i 

• 1 rm 1 . 1 1- r i types of markers, 

varied. ihe horizontal distance from the 

center of the planter to the line made by the marker should 

always be twice the distance between the furrow openers. 

At each end of the field, when the planter is turned around 
for the return trip, it is necessary to swing the marker from one 
side of the planter to the other, in order that the mark may be 
made in the unplanted side of the field. A means for reversing 
the marker is usually provided. In some planters, however, 
double markers are used so that reversing the marker is not 
necessary. 

18. Check-row Wire and Reel (Fig. 113) . — A section of check- 
row wire with the but- 
tons is shown in Fig. 
114. Wire is usually 
furnished with the 
planter in 80-rod 
lengths. More or less 
^ ^ must be used accord- 

Fig. 113. — Reel for chock check-row wire. length of 

the field. Special con- 
necting links are placed every few rods, so that the wire may be 
disconnected easily and the desired length obtained. 
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The spacing of the buttons on the wire determines the dis- 
tance between the hills in the row. Wire suitable for any 
desired distance of planting, from 30 to 48 ins., may be obtained. 

The wire, when not in use, is carried on the wire reel (Fig. 
1 13, a), which is made large enough to carry 160 rods. The reel 
is also used for unwinding and winding up the wire. It is 
driven by a sprocket on the axle, as shown in Fig. 113, b, or by 
means of a frictional contact with the main wheel. A tension- 
regulating device is provided so that the wire may be kept 
tight, and a guide is used to distribute the wire evenly over the 
reel. 
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Job No. 13 

TO TEST A CHECK-ROW CORN PLANTER FOR ACCURACY OF 
PLANTING; TO SET PLANTER FOR DRILLING 

Operations Necessary to Perform the Job. 

1. Jack up planter. 

2. Fill hoppers with seed. 

3. Make test for accuracy of planting: 

(а) With “small” seed plates in hopper, at rate of three 

kernels per hill. 

(б) With /'small” seed plates in hopper at rate of two 

kernels per hill. 

(c) With “small” seed plates in hopjxT at rate of four 
kernels per hill. 

{(1) Make the above three tests (a, b and c) with “large” 
plates in hopi)crs. 

(e) Make the above three tests (a, h and c) with “medium” 
plates in hopper. 

4. Adjust planter as required to change from check-row planting 
to drilling. 

Description of Operations. 

1. Jack up the planter securely, so that both wheels and also 
the furrow openers are off the floor. Have the runner frame 
level. 

2. Fill each hopper about half full of seed corn. 

3. Put the “ small ” seed plates in place under the hopper. 

4. Set the variable-drop lever to drop three kernels per hill. 

5. Set the foot-trip lever so that the valves in the seed boot 
are closed. 

6. Revolve the driving wheel of the planter at about the same 
speed at which it would turn in the field. 

7. While the wheel is revolving steadily, have another stu- 
dent trip the check fork. (It should be tripped quickly and 
allowed to return promptly to the closed position.) 



154 


CORN PLANTERS 


8. Make fifteen or twenty drops in this manner, and count 
the number of kernels dropped each time. 

9. Set the variable-drop lever for two kernels per hill and 
make the same tost. 

10. Set the variable-drop lever for four kernels per hill and 
make the same tost. 

11. Make tho same tests with the “large” seed plates, and 
then with the medium seed plates, in place in the seed hopper. 
Which set of plates gives the most accurate planting? 

12. Determine the adjustments necessary to change from 
check row planting to drilling. 

13. Adjust the planter for drilling. Determine how the 
drilling distances may be varied. 
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Job No. 14 

TO REPAIR A TWO-ROW CORN PLANTER 

Operations Necessary to Perform the Job. 

1. Remove, clean, and oil all chains. 

2. Examine feed-shaft bearings. 

3. Clean and repair clutch. 

4. Clean and repair variable-drop mechanism. 

5. Clean out fertilizer and seed hoppers. 

6. Loosen and lubricate valves. 

7. Replace worn or broken parts of checking heads. 

8. Inspect furrow openers. 

9. Tighten bolts and rivets. 

Description of Operations. 

1. Remove all chains and soak them in a pail of kerosene, 
then in oil. The kerosene loosens and removes the dirt and 
hardened grease, and the oil prevents rusting. 

2. Revolve the feed shaft and examine the bearings. Re- 
place them if necessary. Loose or worn bearings may cause 
the pinion on the feed shaft to slip out of mesh with the seed- 
plate gear. This would cause irregular planting. 

3. Examine the clutch and replace any weak springs or worn 
parts. 

4. Clean all parts of the variablodrop mechanism with 
kerosene. Examine the parts carefully and test the action 
of each part. Replace worn parts. Lubricate all moving 
parts of this mechanism thoroughly. 

5. Clean out the seed hoppers, remove the seed plates, and 
wash off any accumulation of dirt on the seed-plate driving 
parts. See that the seed-plate gear and feed-shaft pinion mesh 
properly and are not loose. 

6. Clean out the fertilizer hopper. If fertilizer remains in 
the hopper, the finger-feed wheel will become stuck. 
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Brush over the feeding parts with an old paint brush dipped 
in oil. See that the gate, which adjusts the rate of flow, and 
the fertilizer drive shaft act freely 

7. Oil the shafts in the seed boots on which the valves 
pivot. See that the valves and checking fork act freely. 
Valves should return to the closed position with a quick snap. 

8. Oil all moving parts of the checking head, wire guide 
rollers, latches for wire release, etc. 

9. Examine the bearings of the furrow openers (if they are 
disk openers). Replace these bearings if necessary. Lubricate 
well, 

10. Tighten all bolts or rivets. Replace chains. 
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Job No. 15 

TO OPERATE A CHECK-ROW CORN PLANTER 

Operations Necessary to Perform the Job. 

1. Lubricate all parts. 

2. Select pr(j}:)er seed plate.s. 

3. Adjust hitch (height of pole). 

4. Set planter to give desired width between rows. 

5. Stake out check wire and begin planting. 

6. Adjust depth of planting. 

7. Set variable-drop to plant desired number of kernels per hill. 

8. Set rate of flow of fertilizer. 

9. Plant main body of field. 

10. Plant across headlands. 

Description of Operations. 

1 . Lubricate all parts. The principal parts requiring lubri- 
cation are as follows: 

(а) Main-axle bearings. 

(б) Feed-shaft bearings. 

(c) Clutch parts. 

(d) Variable-drop device. 

(c) One of the drive wheels (the other is pinned and 
r(ivol v(^s with the axle) . 

{/) I^earings of disk furrow opeiuTS. 

(r/) Bearing of disk-marker. 

(h) Valves and check forks. 

(z) Fertilizer feed shaft and clutch. 

(j) Fertilizer attachment valves. 

(k) Rollers on checking head. 

(0 Bearings of reel hangers. 


2. Select tlu^ pro[)er send ] dates. Each planter is furnished 
with several sets of plates which vary in the size of the seed 
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cells. They are marked large, medium, and small. These 
terms refer to the size of the kernels for which the plates are 
to be used. 

To get the best results in planting corn, the seed should be 
graded. Small machines, called ‘‘ seed-corn graders ” may 
be obtaincid for this purpose. The accuracy of the planter is 
greatly increased by grading the seed. If a seed-corn grader 
is not available, fairly uniform kernels may be obtained if the 
seed is taken only from the central portion of the ear. The tip 
kernels and the butt kernels should be discarded. 

When kernels of uniform size are obtained, it is an easy 
matter to select the seed plate into which they fit the best. 

3. Adjust the hitch. The eveners are carried on top of the 
pole, which is in the center of the corn planter. ( Consequently, 
no side draft will exist and the horizontal hitch will present no 
problem. The adjustment of the height of the pole, however, 
is important if the corn is to be planted in check rows. 

If iho front of the pole is carried too low the hills will be 
dropped a few inches behind the button on the check wire. 
Raising the pole will throw the furrow openers forward and 
cause the kernels to be carried a little further before being 
dropped. 

The kernels must be dropped at points almost directly 
below the buttons on the check wire. If, on the first trip 
across the field, the kernels for the hill are dropped 3 ins. behind 
the button, then on the return trip they will also be dropped 
3 ins. behind the button; but, as the planter is moving in the 
opposite direction, this means that the hills of the first two 
rows will be several inches out of check with those of the next 
two rows. This will be the case throughout the entire field. 
The height of the pole should be such that the kernels arc 
dropped not more than 1^ ins. behind the button on the check 
wire. 

To make sure that the rows are in line crosswise, it is a good 
plan to dig up a few rows across the field and see if the hills are 
in line. 
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4. Adjust tho distance between rows to the desired width. 
Corn planters are usually assembled with the furrow openers 
spaced 42 ins. apart. If it is desired to increase or change this 
width, the several adjustments must be made as follows: 

(a) Width between furrow openers. 

(b) Width between drive wheels. 

(c) Spacing between buttons on tho chock wire (if corn 

is planted in chock rows). This would necessitate 
another roll of wire. 

The three adjustments just mentioned should all be spaced 
equally. In addition to these, the pinions on the feed shaft 
must be moved, and the marker adjusted. The distance from 
the center of the planter to the line made by the marker should 
always be twice the distance between the rows. The operator 
drives so as to keep tho pole directly over the last marker 
line. 

5. Stake out the oh(»ck wire and begin planting. 

(a) Place roll of wire in the reel holder. 

(b) Set one anchor stake back from the edge of the field, 

as shown in Fig. 114, a. (If the stakes cannot be S(?t 
beyond the edges of the field, headlands must bo 
left.) 

(e) Attach wire from the reel to this stake. 

(fl) Drive straight across the field, allowing tho wire to 
unreel. Keep close to the edge of th(» field. Keep 
enough tension on the reel to make tho wire 
tight. 

(e) When the opposite end of the field is reached, dis- 
connect the wire and remo^ e the reel from the 
planter. 

(/) Turn the planter around and get it in position to 
plant the first two rows (position 2 in Fig. 114). 

{g) Drive in the second anchor stake directly behind 
the center of the planter, as shown in Fig. 114, 6. 
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Pig. 114. — Staking out wire for opera- 
tion of check-row corn planter. 


(h) Draw the wire tight and 

attach it to the stake. 

(i) Put the marker in position. 

Fill the hoppers. Lower 
the furrow openers. Put 
the wire through the 
check head, and plant 
across the field. 

(j) Just before reaching the 

first anchor stake, release 
the wire from the check 
head. Raise the marker. 

(k) Turn the planter around 

so that the pole is over 
the marker line. 

{1) Reset the stake behind the 
center of the planter. 
This must be done at 
each end of the field, each 
time, after the planter 
has been turned around. 

6. Adjust the depth of 
planting. The depth of plant- 
ing is controlled by the lever 
which raises or lowers the fur- 
row openers. Penetration is 
secured by means of the 
pressure of a heavy spring 
which acts when the furrow 
openers are lowered. 

7. Set the variable-drop to 
plant the desired number of 
kernels per hill. This is con- 
trolled by a small foot lever 
in front of the operator's seat. 
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The notches with which this lever engage are numbered 2, 3, 
and 4, the number indicating the number of kernels per hill, 

8. Set the rate of flow of fertilizer. This may be regulated 
by changing the size of the oijening between the hopper and 
the delivery spout, or by changing the sprocket which drives 
the fertilizer shaft. 

9. Plant the main body of the field. 

10. If headlands have been left, remove the wire and plant 
across them. This is done without the use of the check wire. 
A foot pedal is provided for the purpose of operating the check- 
ing fork. As the planter is driven across the field, the foot 
pedal is used to drop hills in line with the rows. 
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Job No. 16 

TO OPERATE THE CHECK-ROW CORN PLANTER FOR DRILLING 

CORN 

(Check wire is not used.) 

Operations Necessary to Perform the Job. 

1. Fill hopixjrs with seed. Set planter to give proj)er interval 

between seeds. 

2. Lock valves open. 

3. Lower furrow openers. 

4. Put marker in position. 

5. Drive straight across field and plant first two rows. 

6. Complete return trip across field, and continue planting. 

Description of Operations. 

1. Fill the hoppers with seed and drive to the side of the 
field where planting is to begin. Set the planter to give the 
proper interval between seeds, by changing seed plates or driv- 
ing sprockets. 

2. Lock the valves open with the foot lever. The valves 
are always open (out of action) while drilling. 

3. Lower the furrow openers. This engages the feed shaft 
so that the seed plates begin turning. 

4. Place the marker in working position on the side toward 
the center of the field. 

5. Drive straight across the field. If the edge of the field has 
no straight boundary line to follow, the operator should set a mark 
at the opposite side, as a guide. It is important that, the first 
rows be straight, as all the rest are apt to be the same as the first. 

G. Upon reaching the opposite end, raise the furrow openers 
and marker. 

7. Turn the planter around into position for the return 
trip, with the pole above the marker line. 

8. Lower the furrow openers, reverse the marker, and com- 
plete the return trip. 

9. Continue back and forth across the field in the same 


manner. 
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CULTIVATORS 

Cultivators are used for tillage, after the crop has grown 
to such an extent that the harrow or weeder cannot be used. 
Cultivating stirs and aerates the soil, kills weeds, mulches the 
surface, and makes the plant food more easily available. Cul- 
tivators must be accurately controlled, properly adjusted, and 
fitted with the correct types of cultivating tools. The cultiva- 
tor stirs the soil very near the roots of the growing crop. If it 
is set too deep, or if it is not carefully guided, the growth of 
the crop may be retarded and the yield reduced. This imple- 
ment is used chiefly for cultivating crops grown in rows, such 
as corn, cotton, potatoes, etc. 

Types and Sizes. — Cultivators arc manufactured in a great 
many different styles and sizes. With the exception of the 
plow, no other single class of farm machines has so great a diver- 
gence of types. Many factors affect the problem of properly 
selecting a cultivator of suitable size and construction. The 
kind of crop, the soil conditions, the acreage, the power avail- 
able, and the amount of rainfall are some of the important 
factors to be considered in the choice of a cultivator. 

The cultivation given the early growth is different from that 
required later. 

Because of all these factors, a large number of types and 
sizes are available. 

The first time a crop is cultivated, the cultivating tools are 
set to penetrate more deeply than in later cultivations when 
the root system is better developed. Special tools, called sur- 
face blades, may be secured for late cultivations./ Certain 
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crops require hilling up; for this purpose disk cultivators or 
special hilling shovels are often used. Cultivation is necessary 
in all types and sizes of fields, from the smallest garden to the 
largest field of corn or cotton. This wide variety of conditions 
has caused the development of a great number of sizes and 
kinds of cultivators and a great many attachments and tool 
equipments for them. 

Only those types that are in general use will be discussed 
here. 

Cultivators may be divided into three classes, as follows: 

1. Wheel hoes. 

2. One-horse or between-row cultivators. 

3. Straddle-row cultivators. 




Fig. IIT). — Wheel hoe and equipment. 



1. Wheel Hoes (Fig. 115). — Wheel hoes are operated by 
hand. Figure 115, .4 shows a wheel hoe with a double wheel. 
They arc also furnished with single wheels. Figures 115, A, B, 
C and D show the cultivating tools that are usually fur- 
nished with this type. They include a pair of hoes, four culti- 
vator teeth, one pair of rakes, and a pair of plows. Many other 
tools may be obtained for use with the wheel hoe. 
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Work can be done much faster with this type of tool than 
with the hand hoe. The many different attachments make 
it useful for a variety of jobs. 

2. One-horse Cultivators (Figs. 116 and 117). — This type 
of cultivator is drawn by one horse. 

Figure 116 shows a fourteen-tooth cultivator. The teeth 
in this cultivator can be raised or lowered, and adjusted for 
different angles by means of the tooth clamp. 

The width of the cultivator is adjustable with the lever 



Fig. 116. — One-horse cultivator, 14-tooth. 


(Fig. 116, h). This adjustment is very desirable in garden work 
as the width of the rows varies greatly. 

Figure 117 shows another iyiie of one-horse cultivator 
equipped with shovels. Tlie number of shovels used varies from 
five to nine. Double-edged shovels (Fig. 117, h) are usually 
furnished, so that the shovel may be reversed to secure a new 
cutting edge. The shovels are attached to the shank (Fig. 
117, c) with one bolt. A lever (Fig. 117, d) is provided for 
adjusting the width of the cultivator. 

The single-tree is connected to the draft hook (Fig. 117, e). 
This may be adjusted vertically by means of the holes in the 
draft iron. 

A gauge wheel (Fig. 117, /) is supplied to aid in controlling 
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the depth. The wheel is also a convenience when one is trans- 
porting the cultivator to and from the field. 

A wide variety of cultivating tools may be obtained for use 
with these cultivators. 

One-horse cultivators are drawn between the rows, not 
astraddle of the row. 

3. Straddle-row Cultivators (Figs. 123, 124, 125). — Straddle- 
row cultivators are built in one-row and two-row sizes. As 



Kig. 117. — One-horse cultivator with reversible shovels. 


the name signifies, this cultivator straddles the rows, that is, 
the cultivating tools work on ('ach side of the row. 

Either walking or riding cultivators may be obtained. 
Some are made so that the operator may either w^alk or ride. 
These are called combination riding and walking cultivators. 

WALKING CULTIVATORS 
(Straddle Row) 

Walking cultivators (Fig. 118) are made only in the one-row 
size. They are cheaper than riding cultivators, and are pre- 
ferred by many farmers, especially for use when the plants are 
young and small. 
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CONSTRUCTION AND PRINCIPAL PARTS OP WALKING CULTI- 

VATORS 

1. Wheels (Fig. 118, a). — Two steel wheels are used. The 
hub has a removable wheel box similar to that used in plow 
wheels. The wheel is retained on the axle by means of a pin 
and an adjustable washer. The hub cap (Fig. 118,6) is used 
as a grease cup. The distance between the wheels may be 
changed so that the cultivator may be used for wide or narrow 
rows. 

2. Gangs (Fig. 118, c). — The gangs or rigs carry the shovels 
or cultivating tools. They are made of flat or channel steel or 
round pipe. The front ends of the gangs are connected to the 
the arch (Fig. 118, d) by an adjustable coupling. These coup- 
lings are provided with cone-shaped bearings. A worn bearing 
may be taken up by tightening the nut at the top of the coup- 
ling. The gang couplings allow the gangs to swivel or swing in 
and out easily. Thus the operator, by manipulating the handles 
(Fig. 118, e), can cultivate the rows very accurately. 

3. Arch (Fig. 118, d). — The front end of the gangs connects 
to the arch, the width of which is adjustable. The upper ends of 
the arch arms may be slipped in or out of the bracket mounted 
under the pole. This adjusts the cultivator for wide or narrow 
rows. 

The lower ends of the arch in walking cultivators are used 
as the axles of the wheels. 

4. Eveners. — Two-horse eveners arc supplied with walking 
cultivators. The evener (Fig. 118, /) is made of steel and is 
fastened to the pole (Fig. 118, g) with a clevis. A steel pendant 
(Fig. 118, h) is hooked over each end of the evener bar and 
hangs downward. The lower ends of the pendant are con- 
nected by links (Fig. 118, i) to an adjustable draft iron, which 
is located at the point where the gangs connect to the arch. 
The height of the single-trees (Fig. 118, j) is adjustable by 
means of the series of holes in the pendant. If the single-trees 
are placed high, the pull is downward and better penetration is 
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thus secured in hard ground. A low hitch has a tendency to 
pull upward, thus lessening the penetration. 

6. Lifting Springs (Fig. 118, /.). — The lifting springs aid the 
operator in lifting the gangs out of the ground. The tension 
of these springs should be adjusted so that the gangs balance 
when in the raised position, that is, so that the tension of the 
springs alone is enough to hold up the gangs. The lifting springs 
are connected to the gangs in such a way that they exert little 
or no lifting power when the gangs are in the ground; it is only 



Fkj. 118. — "IVvO-horso walking cultivator. 


after the operator hits started to lift them that the action of the 
springs becomes effective. 

6. Hang-up Hooks (Fig. 1 18, /). — The hang-up hooks support 
the gangs when they are in the raised position. They should 
always be kept in this position when the cultivator is not in use. 

7. Pole (Fig. 118, (j ). — The pole is made of wood. The rear 
end of the pole is bolted to the arch and is supported by braces 
from the lower end of the arch. 

8. Handles (h'ig. IhS, <). — Steering or guiding the gangs is 
accomplished by means of the handles. As each gang is inde- 
pendent of the other, two handles arc provided. The handles 
are usually connected to the gangs by an adjustable casting, so 
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that they may be raised, lowered, or turned in or out as desired 
by the operator. 

9. Attachment of Shovels. — The cultivating shovels, or 
teeth, are attached to the gangs by means of the following parts: 

(a) Shank , — The ends of the gang beams are turned down- 
ward and are almost vertical. These parts of the gangs are 
called the shanks (Fig. 129, a). 

(h) Sleeves , — The sleeves (Fig. 129, b) are slipped on to the 
shank and secured by one bolt. This bolt passes through a slot 
in the sleeve and through a hole in the shank. The sleeve is also 
held in place on the shank by means of a wooden pin (Fig. 129, c). 
This pin passes through holes in the sleeve and binds against 
the back of the shank. This is the break-pin type of con- 
struction. When the shovel strikes a rock or obstruction, the 
wooden pin breaks. This allow^s the sleeve to pivot on the 
bolt, and the shovel passes over the obsi.ruction. The shovel 
must then be returned to its original position and secured with 
a new wooden pin. 

Some cultivator shovels are provided with “ spring trips ” 
(Fig. 119). AV hen the 
shovel strikes an obstruc- 
tion, the jar or blow thus 
caused compresses a spring 
and the shovel bends back- 
ward and passes over the 
obstruction, as shown in 
Fig. 119. It must then be 
returned to its position by 
the operator. This con- 
struction eliminates t h e 
necessity of the operator's frecpiently cutting and fitting 
wooden break pins. The tension of the spring in the tripping 
device is adjustable, and the trip must be oiled to prevent the 
joints from rusting (Fig. 120). 

(e) Shovel , — The back of the tooth or shovel is 'fitted with 
a round split socket. This slips over the round sleeve and is 



Fio. 119. — Action of spring trip. 
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drawn tiglit by moans of tho clamp bolt. One bolt passes 



CourtfHy of Dt t-n »{■ ( 'o 

Fi(j. 120 . — Uk* s{)rinj5 
trip. 


through the face of the shovel and is 
secured by a nut. 

10. Shovels (Fig. 121). — Many 
different types of shovels are used 
on straddle-row cultivators. In Figs. 
121, A and B are shown the narrow 
and wide single-pointed shovels; in 
Figs. 121, C and ]) two common 
widths of double-pointed or n^versible 
shovels. In Fig. 121, E is shown a 


full swe(»p used for light surface cultivation, and in Fig. 121, F 


a half sweep. The half sweep is also used for light surface 



Fk;. 121. — tools us(\l on slniddh* row (‘ultiviilors. 


cultivation and is placed on tho inside shanks (nearest tlie 


row). In Fig. 121, (r is seen a right 
and left moldboard hilk'r. Tlu'se are 
used for throwing the soil toward IIk^ 
row, which is called ‘‘hilling.” A disk 
hilling attachnuuit is freepiently uscmI, 
particularly for hilling up potatoes. 

11. Shields or Fenders. - In Fig. 
122, A, B and C are shown three 
common types of shields or fenders, 
namely, the revolving, solid, and open 
types. These are attached to the 
cultivator gangs on the inside of the 
center shovels. They arc used chiefly 



enders. 


during early cultivations, to protect 


the young plants and to keep them from being covered by the 
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soil. The open type and the revolving type have a desirable 
pulverizing effect on the soil. 


RIDING CULTIVATORS 

Hiding cultivators are made in both the single-row and 
double-row sizes. There are three types of riding cultivators. 



Courtesy of Oliver Chilled Plow Co, 
Fig. 123. — Single-row riding cultivator, G-shovel type. 


1. Shovel Cultivator (Fig. 123). — Tliis type of cultivator is 
equipped with blades or shovels such as those illustrated in 
Fig. 121. The shovel cultivator is the most widely used of all 
three types. It is a general-purpose implement. Because of 
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the wide variety of shovels and attachments that are available, 
and the wide range of adjustments possible, this cultivator can 
be used under many different conditions. 

2. Disk Cultivator (Fig. 124). — The disk cultivator is used 
to advantage on fields that have a large amount of grass or 
running vines growing between the rows. Fields that are 
infested with “ quack grass, wild morning glory, etc., can be 
controlled with the disk cultivator. The revolving disks cut 



Courtesy of Oliver Chilled Plow Co. 


Fig. 121. — Single-row disk cultivator. 

and turn up the roots so that they may be destroyed by exposure 
to the sunlight. Disk cultivators do excellent Avork in hilling 
up crops. The disk gangs have a Avide range of adjustment. 
They may be set to throw the soil either toAvard or away from 
the plants. 

Lcv(*ling bars an^ us(‘d behind the disks Avhen it is desired 
to keep the soil Ioah I. 

3. Surface Cultivators (Fig. 125). — The surface cultivator 
is fitted Avith long blades. These do not penetrate deeply, 
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but slice off weeds and work the surface of the soil. This type 
of shallow cultivation is very desirable at a late stage in the 



Courtesy of I nter national Harvester Co, 

Fig. 125, — Two-row Burfacc cultivator. 



Fig. 120. — Surface cultivator Fkj. 127. — Disk cultivator attach- 
attachiiient. rriciit with hjvclers. 


growth of the crop, when the root system of the plant is well 
developed. 

Surface-cultivator attachments (Fig. 126) and disk attach- 
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ments (Fig. 127) may be secured for shovel cultivators. The 
construction of the frame, wheels, lifting levers, etc., is very 
much the same for all three types. For this reason a detailed 
description of the construction of only one type of riding culti- 
vator will be given here. 



Ficj. 128. — Cultivator ^vh(‘ol 
hub and a\l(‘. 


CONSTRUCTION AND PRINCIPAL PARTS OF RIDING CULTIVATOR 

(Shovel Type) 

1. Wheels (Fig. 129, a). — Riding-cultivator wheels are 
higher than those used on the walking cultivator. The wheels are 
usually about 40 ins. in diameter and have tires about 2^ ins. 
in width. The construction of the wheel and axle is illustrated 

in Fig. 128. At the inner end of the 
axle (Fig. 128, a) the sand box or 
thrust bearing (Fig. 128, b) is 
attached. 'This is built in halves 
(one half is removed in Fig. 128) 
and is clamped to the axle with 
bolts. 4110 wheel box (Fig. 128, c) is 
bolted to the hub of the wheel, as in 
plow wheels. The inner end of the 
wheel box ends in a collar which is retained in a recess in the 
thrust bearing. The opjiosite end of the wheel box is 
threaded to receive the hub-cap grease cup (Fig. 128, d). 

This t 3 ^pe of wheel cannot be adjusted in or out on the axle. 

2. Gangs (Fig. 129).- The construction of the gangs is very 
similar to that used for walking cultivators. Riding-cultivator 
gangs ina^' be eciuipped with four, six, or eight shovels, the six- 
shovel eejuipment being t he most common. Mgure 129 indicates 
the location of the shovels on the six-shovel cultivator. 

Tw^o principal methods of attaching the gangs are used in 
riding cultivators. One method, which is the same as that used 
for walking cultivators, allows the gangs to pivot at the front 
end. The other imdhod provides a rigid attachment between 
the front ends of the gangs and the bar or arch that moves them 
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(Fig. 130). This attachment does not permit the gangs to 
swing at the front ends. 

3. Cultivator Control. — There are several different methods 
of controlling or manipulating the gangs on riding cultivators. 
The most commonly used methods will be discussed here. 

(a) Direct Foot Control . — In this type of cultivator, each 



gang is independent of the other. They pivot at the front 
end as in walking cultivators. The operator controls the gangs 
entirely by the action of his feet, for which stirrups are pro- 
vided on the gangs. 

This type of cultivator is favored by many farmers, as very 
accurate and close work may be done with it. This method of 
control is harder work for the operator, as he manipulates 
the gangs directly, without the aid of levers. 
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(6) Seat Shift or Pivot Frame. — In this type of cultivator 
the gangs are controlled by the operator by means of the swing- 
ing motion of the seat. The frame of the cultivator is attached 
to the rear end of the tongue, and the rear end of the tongue is 
supported by a large roller. The seat is connected by long steel 
bars to the front of the frame. These bars are pivoted under 
the axle, and the seat is thus made to act as a lever. A slight 
pressure by the operator in either direction on the seat causes 
the gangs to shift. 

Foot rests are provided on the gangs to make it easier to put 
pressure on the seat. 

(c) Parallel Gangs: Foot Shift (Fig. 130). In this type the 

gangs are rigidly 
connected at the 
front ends to the 
gang bar (Fig. 
130,6). A shifting 
bar (Fig. 130, /) 
is bolted to the 
gang bar. This 
bar is supported 
above the frame 
by rollers (Fig. 
130, a). 'I'he ac- 
tion of the foot 
levers (Fig. 130, b) 
is transmitted to 
this bar by chains 
and pulleys (Fig. 
they are rigid and 



Fia. 130. — Constniclion of parallol gang, foot-shift 
control and combination control. 


130, c). Botli gangs are moved as a unit; 
always parallel. 

(d) Pivot Aocle . — Tlie foot pedals are connected to the 
axles. A slight pressure on either foot lever shifts the axle and 
changes the direction of travel of both wheels, which, of course, 
control the gangs. The pivoting-whoel typo is particularly 
useful for hillside work, and also very helpful in steering the 
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cultivator. Where short turns at the ends of the rows are 
necessary, the pivoting wheels are very desirable. 

(e) Combination Control . — A combination of the methods 
described in (c) and (d) is quite widely used. Pressure applied 
to the foot pedal not only pivots the axle but also moves the 
gangs sidewards. The pivot-axle method alone is rather slow. 
When the operator presses on the pedal, he simply changes the 
direction of travel of the wheels. Before the gangs move to one 
side the whole cultivator must be drawn forward by the horses. 
With the combination method, (c) and (d), as soon as the opera- 
tor pushes on the foot pedal he not only changes the direction 
of travel of the wheels but, at the same instant, the gangs are 
moved sidewards. This method is quick, and the problem of 
dodging the plants in crooked rows is made much easier 

The combination is made by connecting the arched bar 
(Fig. 130,/) to the axle-crank ann (Fig. 129, e). 

This method of control is used very largely on two-row 
cultivators. 

4. Balance Frame. — As the weight of all parts of the culti- 
vator is supported by two wheels, it is necessary that this 
weight be evenly distributed. When tlui gangs are taken out 
of the ground, their weight, which was on the ground, is added 
back of the axle. This has a tendency to make the pole tip up. 

Most cultivators are built to balance in any position. Two 
methods by which cultivators are balanced will be discussed 
here. 

(а) By cranking back the axles as the gangs are raised. 
This means that the device or lever used for lifting the gangs 
from the ground is connected to the axles. The axles crank 
backward as the gangs are lifted, balancing the weight thus 
added. 

(б) By shifting the entire cultivator frame forward as the 
gangs are raised. This is accomplished by suitable connections 
between the gang-lifting lever and the frame. When the gangs 
are raised, the whole frame, including the driver's seat, moves 
forward, thus balancing the machine. 
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6. Levers (Fig. 129). — Riding cultivators are usually 
equipped with several levers, although some leverless riding 
cultivators arc made. 

The following levers are usually supplied : 

(a) Master Lever (Fig. 129,/). — The master lever raises or 
lowers both gangs as a unit. It is often connected to the axles, 
so that as the gangs are raised the axles are cranked backward, 
in order to i)reservc the balance of the cultivator. In many 
cultivators this lever is attached in such a way that as soon as 
the lever latch is released the pull of the horses raises the gangs. 
This is called a horse lift.’^ The master lever is used at the 
end of the rows for raising and lowering the gangs. It is some- 
times called the balancing lever. 

(h) Gang Lever (Fig. 129, g ). — A gang lever is provided for 
each gang. This lever is used to adjust the depth of the 
shovels. Either gang may be raised independently of the other. 
This is often necessary to clear the gang of trash or to pass 
over an obstruction. 

(c) Spacirig Lever (Fig. 129, h ), — A spacing lever is provided 
on some riding cultivators. It is used to space or change the 
distance between the gangs so that the cultivator may be 
quickly adjusted for any width of row. 

(d) Pole Lever (Fig. 129, i ), — A pole lever is used on some rid- 
ing cultivators. This lever makes it possible to keep the culti- 
vator frame running level under all conditions. In cultivating 
up and down hill this adjustment is helpful in keeping the front 
and rear shovels penetrating to an equal depth. It is also a 
convenient means of leveling the frame when changing to 
horses of a different height. 

TWO-ROW CULTIVATORS 

A two-row cultivator is shown in Fig. 131. When used 
with horses it may be equipped with a forecarriage, which 
carries the weight of the front part of the machine. 

Two-row cultivators are usually controlled and steered by 
the combination method described on page J77. This means 
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that the action of the foot pedals (Fig. 130, b) causes the gangs 
to shift sidewise and the wh(K;ls to pivot simultaneously 
A master lifting lever is usually provided so that all the 
gangs may be lifted at once. A spacing lever makes it possible 
to adjust the gangs to different widths between rows; this lever 
is used to adjust the spread of the gangs. By means of the 



Courtesy of Emerson LiranUnyham IrnyUmant Co, 

131. — Two-row shovel cultivator. 


spacing lever the shovels may be brought toward the plants or 
moved farther away from them. 

Each gang is also provided with a separate depth lever by 
means of which it may bo set at the desired depth or may be 
lifted from the ground to be freed from trash. 

Two-row cultivators are equipped with either throe-horse 
or four-horse oveners. S{Micial tractor hitcluss, such as that 
shown in Fig. 134, may also be secured. A diagram for the 
use of a tractor and a two-row cultivator is shown in Fig. 133. 
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LABORATORY STUDY NO. 8 

To study and compare various types of straddle-row culti- 
vators. 

Equipment Necessary. — Walking and riding cultivators 
(several different types) : shovel, surface, and disk attachments 
desirable. 

Procedure. 

1. Determine which are walking and which are riding culti- 
vators. 

2. Study the construction of each cultivator, and determine 
whether or not shovels, disks, and surface blades can be used 
interchangeably on the same machine. 

3. Answer the following questions: 

(а) How are the wheels retained on the axles? 

(б) How are the wheels lubricated? 

(c) Are th(^ wheel boxes renewable? 

(d) Are the wheels used in controlling or guiding the 

shovels? 

4. Operate each of the levers and determine the purpose of 
each. 

5. How is the distance between the gangs adjusted? 

6. How is the distance between the wheels (called the tread) 
adjusted? 

7. What method is used for controlling or steering the 
shovels (or cultivating tools)? 

8. How are the gangs or rigs connected to the frame? 

9. What method of balancing is used? 

10. Is it possible to adjust the balance to suit different opera- 
tors? 

11. What device is used to aid in lifting the gangs? 

12. What kind of shields are used? 

13. What type of shovels are used? 

14. Are the shovels released by a spring trip or by a wooden 
break pin, when an obstacle is struck? 
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15. Are leveling arms provided on the disk cultivators? 
(Fig. 127.) 

16. Adjust the disks to throw the dirt in. Adjust them to 
throw it out. 

17. What adjustments are provided for setting the surface 
blades? 

18. Are levelers (Fig. 125) used behind the surface blades? 

19. Can the levelers be adjusted to throw the dirt away from 
the com? 

20. How are the shields adjusted? 
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Job No. 17 

TO REPAIR A WHEEL HOE 

Operations Necessary to Perform the Job. 

1. Repair wheel bearings. 

2. SharfKjn cultivating tools. 

3. Tighten bolts. 

4. Grease cultivator tools; paint all other parts. 

Description of Operations. 

1. Take off the wheels. Clean and oil the wheel bearings. 
If they are badly worn, new bearing bolts (axles) should be 
put in. 

2. Sharpen all the cultivating tools on the grindstone. 
Grind them so as to retain their original shape or bevel. These 
tools may be sharpened with a file if a grindstone is not at hand. 

3. Tighten all bolts. 

4. Paint all parts, except the cultivating tools, which should 
be coated with heavy grease. 
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Job No. 18 

TO REPAIR A ONE-HORSE CULTIVATOR 

Operations Necessary to Perform the Job. 

1. Inspect and repair gauge wheel. 

2. Sharpen shovels. 

3. Tighten bolts and brace rods. 

4. Lubricate and adjust lever. 

5. Grease shovels and paint all other parts. 

Description of Operations. 

1. Remove the gauge wheel, (lean and oil the bearing. 
Put in a new bearing bolt or axle if necessary. 

2. Remove and sharpen the shovels on the grindstone. 
These are ground on the back side. 

3. Tighten the bolts that connect the shovel shanks to the 
beams. 

4. Tighten all brace rods, so that the cultivator is rigid. 

5. Operate the adjusting lever (Fig. 116, h). Oil the lever 
detent or plunger and see that the lever functions properly. 

6. Cover the shovels with a coating of oil or grease. 

7. Paint all parts of the cultivator. 
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Job No. 19 

TO OVERHAUL AND REPAIR A STRADDLE-ROW CULTIVATOR 

Operations Necessary to Perform the Job. 

1. Inspect wheel bearings and alignment of wheels. 

2. Tighten all bolts and rivets. 

3. Test action of each lever. 

4. Adjust lifting springs. 

5. Sharpen cultivating tools. 

6. Inspect and adjust all steering control parts. 

7. Cover shovels with grease. 

8. Paint all other parts. 

Description of Operations. 

1. Test the wheel bearings by rocking the wheel on the axle 
to determine the amount of wear. Remove the wheels, clean 
and lubricate the axles thoroughly. Replace the wheel boxes 
(Fig. 128, c) and collars (Fig. 128, b) if necessary. See that the 
wheels stand plumb and toe in slightly at the front. 

2. Tighten all frame bolts, rivets or bolts in the gangs, gang 
couplings, etc. 

3. Operate c^ach lever. See thjxt each works freely and 
functions properly. Oil the lever detent (or catch) to prevent 
its becoming rusted tight. 

4. Tighten the bolts or rivets that secure the lever ratchets. 

5. Adjust the temsion of the lifting springs so that the gangs 
may be raised and lowered easily. 

6. Remove the shovels. Sharpen them on the grindstone 
by grinding on the reverse side of the shovel. Try to maintain 
the original shape or bevel. Remove any rust spots with 
emery paper. 

7. Sharpen disks and overhaul disk bearings (on disk culti- 
vator) in the same manner as described for disk harrows. 

8. Remove and sharpen surface blades (Fig. 125) on the 
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grindstone, grinding them on the under side. Try to maintain 
the original shape. 

9. Examine the wooden break pins (on shovel cultivators). 
Replace any that appear worn. Make up a supply of wooden 
pins and put them in the tool box of the cultivator. 

10. Examine all parts of the control device; foot pedals, 
cranks, chains, couplings, etc. Take up all lost motion and 
replace worn parts. 

11. Coat the shovels, disks, or blades with oil or grease to 
prevent rust. 

12. Paint all other parts of the cultivator. 



186 


CULTIVATORS 


Job No. 20 

TO OPERATE A WHEEL HOE 

Operations Necessary to Perform the Job. 

1. Select proper tools. 

2. Keep tools and tool holder securely fastened. 

3. Regulate depth of cultivation. 

4. Adjust leaf guards. 

Description of Operations. 

1. Select the proper tools for the type of work to be done, 
(see page 164 and Fig. 115). 

2. Keep the wheels well lubricated. See that the bolts which 
attach the tool holder to the handles and arch are kept tight. 
Otherwise the tools will not be held rigidly and poor work will 
result. 

Each tool has a small square lug that fits into a slot in the 
tool holder (Fig. 115, A). The nuts securing the tool must be 
kept tight in order that the tool may be kept in proper 
alignment. 

3. The depth of penetration is controlled by the amount of 
downward pressure? the operator puts on the handles. Wheel 
hoes are pushed forward in strokes of a few feet at a time. 
More accurate work can be done in this manner than by pushing 
the wheel hoe steadily forward. 

4. The leaf guards should be adjusted so that they turn the 
leaves or vines away from the whcjels, thus preventing their 
being damaged (Fig. 115). 
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Job No. 21 

TO OPERATE A ONE-HORSE CULTIVATOR 

Operations Necessary to Perform the Job. 

1. Drive between rt)ws. 

2. Adjust hitch. 

3. Change width of cultivator as desired. 

4. Secure proper penetration of cultivating tools. 

Description of Operations. 

1. These cultivators are drawn between the rows by one 
horse. The horse travels down the center of the space between 
adjoining rows. 

2. The hitch may be adjusted up or down in the draft iron. 
It should be placed low if shallow cultivation is desired, and 
high if deep cultivation is desired. 

No horizontal or lateral hitch adjustment is necessary, as 
the center of resistance is directly in line with the center of 
power. 

3. The width of the cultivator is adjusted by means of the 
lever. It is usually set wide enough to cultivate thoroughly 
all the space between the rows. 

4. The penetration, or depth of cultivation, is dependent 
upon the following factors: 

(a) Sharpness of shovels. 

(b) Angle of shovels. 

(c) Position of hitch in draft iron. 

(d) Condition of soil. 

If the soil is wet and sticky, it will not scour off the shovels 
and good cultivating will be impossible. 
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OPERATING STRADDLE-ROW CULTIVATORS 

Cultivating accomplishes a number of different purposes. 
Because these purposes are so different, various types of culti- 
vators and various attachments and adjustments are necessary. 
Each crop may be cultivated several times during the season. 
The conditions existing during early cultivations are quite 
different from those encountered later. 

Early Cultivation. — The shovels (or disks) may be set quite 
deep for early cultivation. The gangs may be set close together 
so that the ground near the plants is cultivated. Shields may 
be used in early cultivations to protect the small plants from 
being covered by the soil. Shovels should be set straight so 
that the soil is left level. 

Later Cultivation. — As the root system of the plant develops, 
cultivation must be more shallow. Deep cultivation when the 
plants are well grown injures the roots and reduces the yield. 

The gangs should be spaced farther apart than for early 
cultivation. Half sweeps are often used in place of the two 
inside shovels (Fig. 121, F), in order to prevent injury to the 
roots. The outside shovels may be turned slightly on the 
shanks so as to throw the soil in toward the row. 

Surface cultivators or sweeps are often used for late culti- 
vation. They work only the surface, slice off the weeds, and 
mulch the top soil well (Fig. 121, E). 

Final Cultivation. — The final tillage operation with many 
row crops is hilling. This consists in throwing the soil toward 
the row so as to form a ridge or hill. 

Hilling may be accomplished efficiently with a disk cultivator 
or by using hilling shovels on a shovel cultivator. The disks are 
given a large angle and are set to throw the soil in. 

Hilling is the final tillage operation. It should not be done 
until the foliage of the plants is well developed. Hilling leaves 
a trench in the center of the space betw^een the rows, from which 
evaporation would be rapid were it not shaded by the plant 
foliage. 
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Job No. 22 

TO OPERATE A STRADDLE-ROW CULTIVATOR 
Operations Necessary to Perform the Job. 

1. Select suitable cultivating tools for work to be done. 

2. Lubricate all working parts of cultivators. 

3. Adjust hitch and regulate height of pole. 

4. Adjust machine to suit operator. 

5. Set distance between wheels. 

6. Start cultivating at one edge of field. 

7. Space gangs. 

8. Regulate depth of cultivation. 

9. Keep cultivating tools free from trash. 

10. Continue cultivating according to some well-proven method (see 
example, page 191). 

Description of Operations. 

1. The selection of the cultivating tools will depend upon the 
kind of work to be done, as explained on page 170. If shovels 



Fig. 132. — ^Adjusting angle of cultivator shovels. 

are used they must be properly set. Figure 132, / shows a 
shovel set at the correct angle. The shovel shown in Fig. 132, 
is set at too small an angle, and the one in h'ig. 132 , 3 at too steep 
an angle. Proper penetration could not be secured with either 
of the latter settings. Set the shields as explained on page 170. 

2. Lubricate all bearings, rollers, gang couplings, lever 
latches, etc. Remove hub caps and grease axles, 
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3. Adjust the hitch and regulate the height of the pole. 
The single-trees are adjustable vertically in the pendants. 
Hitching the single-tree high has a tendency to pull the front 
shovels deeper into the ground and the rear shovels out of the 
ground. Hitching low has the opposite tendency. For aver- 
age conditions the hitch should be so adjusted that the line of 
the traces, if extended, would pass through the pendant and 
strike the ground just at the rear of the front shovel. 

The height of the pole must be adjusted so that the gangs are 
level, otherwise the shovels will not penetrate equally. If the 
pole tilts upward the rear shovels will penetrate more deeply 
than the front ones, and the opposite will be true if the pole 
tilts downward. Some cultivators have a pole lever for this 
adjustment. Otherwise such adjustment must be made by 
regulating the length of the straps attaching the neckyoke to 
the pole. 

No horizontal hitch adjustment is required. 

4. Adjust the machine to suit the operator. The tension 
of the lifting springs should be adjusted so that lifting and low- 
ering is made as easy as possible. 

The balancing device (axle crank or frame shift) should 
be adjusted to suit the weight of the driver. 

There should be no tendency of the pole to tip up when the 
gangs are raised. On some machines a lever is provided for 
balancing. In others the seat may be moved to any position 
along the seat bars to suit the convenience of the operator and 
to balance the machine. On some cultivators foot pedals are 
provided with extensions so as to be adjustable for the comfort 
of the driver. 

5. Set the distance between the wheels (the tread). This 
must be the same as the distance between the rows, in order 
to allow each wheel to travel exactly in the center of the space 
between the rows. This adjustment is made by moving the 
axles in or out on the frame. 

6. Start cultivating at the edge of the field. 

7. Space the gangs properly. The spacing may be regulated 
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by a lever, or it may be necessary to shift the gangs where they 
are connected to the arch. The gangs should be set so that 
the cultivating tools will come as near to the row as desired, 
depending upon the type of cultivation needed (see page 188). 

8. Regulate the depth of each gang until the desired pene- 
tration is obtained. Thereafter raise and lower the gangs with 
the master lever (if one is provided). 

9. Keep the cultivating tools free from trash. This is done 
on walking cultivators by raising the gang with the handles and 
shaking the trash loose. On riding cultivators, an individual 
gang may be raised by means of its gang lever and the trash 
shaken off. 

10. Start at the first row at the edge of the field with the 
cultivator astraddle of the row. 

11. Drive straight across the field, operating the foot pedals 
to dodge the plants. 

12. Keep the shovels free of travsh. When they become 
clogged up raise the gang and shake the trash free. 

13. Continue cultivating according to some well-proven 
method of laying out the field. Three methods are described 
in the paragraphs that follow. 

Drive as slowly as possible until accustomed to the work. 
(Accurate work requires slow driving.) 

Method No. 1. — Raise the gangs at the end of the row. 
Turn around short, drop the gangs, and come back on the 
adjoining row. This method requires a very short turn at 
each end of the field. 

Method No. 2. — Some operators prefer not to make such 
short turns but skip a row each time, at each end of the field. 
Thus they cultivate every alternate row as they progress across 
the field. Then they work back across the field in the opposite 
direction, cultivating the rows skipped in the first operation. 

Method No. 3. — Another common method is to skip one 
row each time the turn is made toward the uncultivated part 
of the field. The first row to be cultivated is No. 1, which is 
at the very edge of the field. The return trip is made on No. 4 
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row, the next trip across on No. 2. The second return trip is 
on No. 6 row. Then the rows are cultivated in the following 
order: 3-8-5-10-7-12, etc. 

If twelve rows are indicated on a sheet of paper and a line 
drawn through them in the order indicated above, this method 
will be clear. After getting the field started, it consists simply 
in skipping one row each time on the uncultivated side of the 
field. 

The following directions and diagram for operating a two- 
row cultivator with a tractor are reproduced by the courtesy 
of The American Seeding Machine Co. of Springfield, Ohio. 



Fig. 133. — Diagram for cultivating with tractor and two-row cultivator. 

The method shown in alx>ve diagram has proven to be the 
most practical way of cultivating with a tractor. Start on the 
left-hand side of the field with tractor straddling the third row 
(A); turn to the right at end of row and come back straddling 
the fourth UNCULTIVATED row (B), then go over to first 
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row (C). Now travel over to twelfth row (D); which leaves 
two uncultivated rows between B and D. Next straddle the 
fifth row (-B), then go over to twelfth row (D) and start over 
again, straddling the fourth uncultivated row, etc. 



Courtesy of Deere <k Co. 

Ei(i. 131.- -Tractor hitch for two-row (uiltivator. 

It will be observed in using this method that AFTER GET- 
TING PROPERLY STARTED it is merely a matter of leaving 
two uncultivated rows each time when turning toward the un- 
plowed part of the field. 

If it is desirable to start cultivating from the right-hand side 
of the field, straddle tractor over sixth row (F), returning in 
end row (D). Now straddle tenth row (A), which leaves same 
uncultivated space between B and Z), etc. 
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MOWERS 

The chief use of the mower is to cut grass for hay, but it is 
often used for cutting other crops also. It affords an excellent 
example of the labor-saving value of fann implements, as the 
hand method of mowing, which it replaced, was extremely slow 
and laborious. The operator of a modem 5-ft.-cut mower, 
drawn by a team of horses, will cut up to 10 acres per day. 



Courtesy of Massey- Harris Harvester Co , 1 nc. 

Fig. 13.'). — ()nc-liorse mower. 


The mower must successfully meet many different condi- 
tions. It must bo capable of cutting fine or coarse grass, and 
must cut it cleanly, whether the stand is tliick or thin. It 
must be capable of the adjustments and control necessary to 
cut close to the ground and yet avoid hitting projecting stones, 

m 





MOWERS 


id5 


stumps, or other obstacles. The cut grass must be left in a 
neatly piled row, or 

swath, so that it can ^ 

be easily handled in 

of a mower is dc- 
width of the swath 

length of the cutter courtesy of Massey-Harns Harvester Co., Inc. 

bar (Fig. 137). — Tractor mower. 

A one-horse 

mower with a S-l-ft. cutter bar is shown in Fig. 135. This 
machine is used on small farms, lawns, f)arks, etc. For general 
. farm work, 5- and 

Courtesy of Roderick Lean Co. CUttor bar lUay bc 

Fia. 137. — Mower cutter Imr inountofl on tractor, raised and lowered 

from the seat of the 

tractor by means of a rope. The hitch is offset sufficiently to 
keep the tractor from traveling over the standing grass. 

Figure 137 shows a cutter bar with control levers carried on 


Courtesy of Roderick Lean Co. 
Fia. 137. — Mower cutter Imr inountofl on tractor 
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the tractor. The cutting mechanism is driven by power taken 
from the tractor. 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Wheels. — The main wheels are both drive wheels. They 
are maxle of cast iron. Lugs, cast as an integral part of the rim 
of the wheel (Fig. 135), cause the wheel to secure good traction 
and prevent slippage. Slippage of the drive whe(jls causes the 
working parts of the mower to stop, with the result that grass 
is left uncut. 

The whcKils are retained on the main axle with a take-up 
washer and cotter pin (Fig. 138, h and c). 

The motion of the drive wheel is transmitted to the main 
axle by means of ratchets and pawls. 
The construction is the same as that 
used in drills (see C'hapter III, page 112). 

The ratchets form a part of the 
inside of the wheel hubs (Fig. 138, d). 
A pawl holder with pawls and springs is 
I)inned securely near the right end of the 
main axle. The pawls driven by the 
left wheel are carried in the main spur 
gear (Fig. 140, h) which is keyed securely 
near the left end of the axle. 

The pawls should be assembled so 
that when the drive wheels turn forward 
they drive the axle. Reversing the drive wheel should allow 
the pawls to slip over the ratchet. The axle will not move, 
and a clicking noise will be heard when the wheels are turned 
backward. Pawls for the left side are not always interchange- 
able with those for the right, and it is possible to assemble them 
incorrectly. 

2. Main Axle. — The main axle is a straight steel shaft, its 
size and thickness depending upon the size of the mower. The 
axle of the 5-ft. mower is about 4| ft. long. 



Fig. 138. — Main wheel 
and axle. 
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At each end of the axle a hole is drilled for the cotter pins 
(Fig. 138, b), A key seat is cut near the left end of the axle for 
securing the main spur gear 
(Fig. 140, b). Another hole 
provides for pinning the 
pawl holder near the right 
end of the axle. 

Roller bearings are used 
at each end of the main 
axle, as indicated in Fig. 

140, c. 

3. Frame (Fig. 139). — 

The main frame is made of —Main fninie. 

one piece of cast iron. The 

tubular portion (Fig. 139, b) fonus a housing for the axle, with 

oil cups (Fig. 139, d 




Fig. 140. — Countershaft, gears and clutch. 


and /). The smaller 
tube (Fig. 139, c) is 
the housing for the 
crankshaft (h'ig. 142, 
a). The crank shaft 
forms a right angle 
with the main axle. 
Oil cups are placed 
at, each end of the 
crankshaft. The 
l)(*arings and oil cups 
for the short counter- 
shaft (Fig. 141) are 
fdaced in the main 
frame as shown in 
Fig. 139, h and i. 
The device for lifting 
the cutting mechan- 
ism from' the ground 


is attached to the short post shown in Fig. 139 j. 
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4. Countershaft, Gears, and Clutch (Fig. 140). — The power 
from the drive wheels is transmitted by the pawls to the main 
spur gear (lig. 140, 6). This meshes with a small spur pinion 
(Pig. 140, d), which is on the end of the short counter-shaft. 
Whenever the mower is drawn forward the counter-shaft 
revolves. 

The clutch (Figs. 140, e and 141, h) is keyed to the counter- 
shaft and always revolves with it. It may be moved along the 
shaft by means of the clutch fork (Fig. 141, c). This is operated 
by a small lever (Fig. 141, d) near the seat. If the clutch is 
moved to the left the teeth or lugs of the clutch engage with the 
large bevel gear (Fig. 141, e). This con- 

P nects the bevel gear to the driving power 
of the main wheels. The bevel gear 
turns only when the clutch is engaged. 

A small bevel pinion (Fig. 141, /) is 
j keyed to the end of the long crankshaft. 
This meshes with the bevel gear and is 
driven by it. An adjustment is provided 
in most mowers for taking up the wear 
between the bevel gear (Fig. 141, c) and 
the bevel pinion (Mg. 141,/) This ad- 
justment is shown m Fig. 141, g. 

The bevel gear, pinion, and clutch are enclosed in a gear case 
which excludes dust and grit. A shield or cover encloses the 
large spur gear and pinion. 

6. Crankshaft and Crank Wheel. — The crankshaft, although 
at a right angle to the ^ 

countershaft, is driven 

^ Fia. 142. — Crankshaft and crank wheel. 

and/). 

The crankshaft (Fig. 142, a) is a straight steel shaft usually 
about 16 ins. in length and a little over an inch in diameter. 


Fia. 142. — Crankshaft and crank wheel. 
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The bevel pinion (Fig. 141,/) is screwed on to one end of the 
crankshaft, and the crank wheel (Fig. 142, b) is keyed to the 
other end. One bearing is provided at each end of the crankshaft. 
These bearings are lined with cylindrical babbitt bushingS; 
which must be renewed when 
worn as they are not adjust- 
able (Fig. 143). 

The cast-iron crank wheel 
(Fig. 142, 6) is keyed or 
screwed to the front end of 
the countershaft. A wrist 
pin (Fig. 144, b) is driven 
through the crank wheel and 

riveted in place at the posi- 144.-A, Pitman box; B.Ctobb. 
... , , section of crank wheel and wnst pm. 

tion shown. Ihe outer end 

of the wrist pin is threaded for the wrist-pin nut (Fig. 144, c). 

6. Pitman (Fig. 145, a). — The pitman connects the crank 
wheel to the cutting knife, or sickle. It is usually made of 
wood, although iron pitmans are often used. 

The connection of the pitman to the crank is made by a 

renewable box (l^ig. 144, 
A). This is known as the 
pitman box and is lined 
with bronze or babbitt, 
where it fits over the wrist 
pin. This bearing is sub- 
jected to severe strain, and 
Fig. 145.— Connection of pitman to heat up quickly if not 

well supplied with the 
proper quality of lubricant. A grease cup is used for the pur- 
pose of lubricating it. 

The pitman box is attached to the wood pitman with metal 
straps and a bolt. The cone-shaped ends of the straps fit into 
the pitman box as indicated in Fig. 144, A. This makes a swivel 
connection, which greatly lessens the strain on the pitman-box 
bearing and makes it practically self-aligning. 
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Metal straps are also used to connect the opposite end of the 
pitman to the sickle. The ends of these straps have sockets 
which are sprung over the ball on the end of the sickle. This 
connection is kept tight by means of the pitman bolt. 

The pitman changes the revolving motion of the crank 
wheel into a reciprocating motion, which it transmits to the 
sickle. 

7. Cutting Mechanism (Tig. 140). — The actual cutting of 
the grass is accomplished by two parts: 

(a) The moving sickle sections (I^'ig. 140, a). 

(h) The st(itio7i(inj guard jdate (Fig. 14(), h). 

These two furnish the two parts of the shearing contact that 

accomplishes the cutting. 
There are many sections in 
the sickle, and many guard 
plates, but each set acts in 
the same manner. 

T^oth sides of each sickle 
section and both sides of 
each guard plate act as 
sh(‘ars. On the outward 
stroke of the sickle, one 
side of the section cuts; 
on the return stroke, the 



Fig. 146. — Detail of cutting inechanisin 


opposites side cuts. 

The sickk^ of a standard 5-ft. mower has twenty sections and 
twenty guard plates. This means that there are forty sets of 
shearing or cutting contacts. To ke(*p all of these cutting 
properly, certain other jiarts an' necessary. 

(r) The sickle clips (Fig. 14G, c) press down on the sections so 
that t hey make a close contract with the guard plate (Fig. 146, h) 
which is the under side of the shear. The necessity for this may 
be easily illust.ratc'd with a pair of shears that have loose blades. 

(d) The wearing plates (Fig. 146, d) provide a runner or sup- 
port for the umler side of the sickle. They must be renewed fre- 
quently as th('y are subject to rapid wear. When worn they 
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allow the sickle to become loose or flop up and down. When 
this occurs th(j section and guard plate do not meet properly 
and the grass is torn loose rather than cut. 

(e) The guards carry the guard plates as shown in Fig. 146, 
(/ and b). One guard is provided for each section. The function 
of the guards is to direct the grass toward the cutting sections in 
such a manner that it may be cut to the best advantage. The 
long fingers of the guards support the grass while it is being cut, 
pick up tangled grass, and prevent the sections from striking 
obstructions in the field. 


(/) The cutter bar is the heavy bar to which the guards are 
bolted and on which the sickle is carried (Fig. 146, e). It is 
tapered toward the outer end and strongly made to give the 
necessar}^ rigidity. 

(g) The inner shoe is the large shoe that supports the inner 
end of the cutter bar (Fig. 1 45, b). This acts as a runner for the 
cutter bar when the mower is in operation. It is provided with 
a removable sole (r) which is easily n^placed when worn. The 
sole may be adjusted by moans of a bolt at th(' rciar of the shoe. 

(h) The Older shoe is the smaller shoo that supports the 
outer end of the cutter 

bar (Fig. 147, a). This 
also has an adjustable 
sole. Tlui pointed front ^ 

end of the outer shoo \j| 1(1 1111111111111 1* 

acts as a divider, and 

separates the standing , 

. - - . - 14/. — ()uti*,r shoo, srass boiird and grass 

grass from that which 

is to be cut. This 

causes a clear, distinct cutting edge to be left. 

(i) The grass board (Fig. 147, b) is bolted to the outer shoe. 
It is usually s(‘t so that it follows the contour of the ground and 
throws the grass over toward the center of the cuttcir bar. This 
is necessary in order to providii a clear space in which tho 
horses may walk when cutting the next swath. It also makes 
raking up the hay much easier. 


)uti*,r shoo, grass board and grass 
stick. 
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(j) The grass stick (Fig. 147, c) is bolted to the inside of the 
grass board. It assists the grass board in laying the cut grass 
in a well-piled row or swath. It is adjustable for high or low 
grass. 

8. Levers. — Standard types of mowers are provided with 
three levers. 

The large hand lever (Fig. 150) is called the lifting lever. 



Courteni/ of 1 tUcr national Harvester Co. 


Fig. 148. — ^Regular lift mower. 

It raises the cutter bar high off the ground when the mower is 
not cutting. It may be suspended or locked in this position. 

The action of the lifting lever is shown in Fig. 148. This 
illustration shows what is termed a regular lift mower. 
The maximum height to which the cutter bar can be raised by 
the lifting lever is here illustrated. The distance C is about 
13 ins. and the distance D about 4 1 ins. 

A “ vertical-lift^^ mower is shown in Fig. 149. The cutter 
bar on this type may be raised to a vertical position with the 
lifting lever. 

When the bar is being raised, the cutting mechanism is 
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automatically thrown out of gear. When the bar is lowered 
again the cutting mechanism is again started. Vertical-lift 
mowers are the better type for fields that have many stumps, 
trees, or other obstructions. As indicated in Fig. 149, the grass 
may be cut close up to the obstruction. The cutter bar is 
then quickly raised to a vertical position with the lifting lever 
and lowered again when the obstruction has been passed. 
With regular-lift mowers the cutter bar cannot be raised to a 
vertical position without the operator leaving the seat. 



Courtesy of International ilaroester Co. 

Fig. 149. — Vertical lift mower. 


The foot lever (Fig. 150, b) is also used to lift the cutter bar 
off the ground. It does not lift as high as the hand lever. The 
foot lever is used while the mower is in operation to hft the bar 
over stones or obstructions, or when turning corners. As there 
is no latch on the foot lever to lock the cutter bar in the raised 
position, the opcirator must hold it down with his foot to keep 
the bar in that position. Releasing the pressur6 allows the 
cutter bar to drop to the ground. 
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The lifting action of both the foot lever and the hand lever 
is affected by the tension of the lifting spring. This is adjust- 
able and should be sot so that the cutter bar rests lightly on the 
ground. The proper setting of the lifting spring greatly reduces 
the friction between the cutter bar and the ground, and this 
in turn lessens the draft of the mower. 



Fkj. — Levers \ised on a standard type of mower. 


The tilting lever (Fig. 150, r) is used to regulate the angle 
between the cutter bar and the ground. It may be set so that 
the guard points are inclined upward, parallel with the ground, 
or inclined downward toward the ground. This setting deter- 
mines how short, the grass will be cut. Tilting the guard points 
downward, for instance, would cause the grass to be cut off 
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very near the ground. Under ordinary cjonditions, however, 
the cutter bar should be kept level, and the height of cut regu- 
lated by the adjustable soles under the inner and outer shoes. 

9. Hinge, or Yoke (Fig. 150, ri). — A large casting called the 
hinge, or yoke, is connected to the inner sho(i by large pins. 
The tilting lever is connected to the hinge as shown in Fig. 150, 
e. The hand lifting lever and the foot lever are also connected 
to the hinge. 

Two coupling bars. Figs. 150, / and g, connect the hinge to 
the mower frame. The rear bar (Fig. 150, /) is called the push 
bar ” as it pushes the cutter bar by means of its connection to 
the hinge. The length of the front coupling bar is adjustable. 
The purpose and proper method of adjusting it will be explained 
in Lab. Study No. 10. 

10. Eveners. — Wooden eveners an' used on horse-drawn 
mowers. They are carried on the under side of the pole by 
means of an iron draft bracket, which is bolted to the pole. A 
draw bar, which is connected between the draft iron and the 
hinge, applies the power directly to the cutter bar. The 
standard makes of mowers have both the draw bar and the 
push bar. The cutter bar, therefore, may be said to be pushed 
by the frame of the mower and pulled by the eveners. 
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LABORATORY STUDY NO. 9 

To trace the transmission of power through the mower and 
determine grear ratios and speed of sickle. 

Equipment Necessary. — A mower (new or used) complete 
with all parts. 

Procedure. 

1. Jack up the mower securely so that both rear wheels are 
off the floor. 

2. Engage the clutch by unmans of the small clutch-shifting 
lever (Fig. 141, d). 

3. Lower the sickle to the working position. 

4. Turn one of the main wheels in the forward direction. 

(tt) What causes the clicking noise heard in the opposite 
wheel? 

5. Locate and name in order all the parts through which the 
power is transmitted from the main wheels to the sickle. 

6. Turn the drive wheel slowly one complete revolution and 
count the number of revolutions made by the crank wheel. 

(a) If the mower is being drawn at the rate of 2 miles 

per hour, how many revolutions ix‘r minute does 
the crank wheel make? 

(b) Why is it so essential that the crank wJieel and pitman 

box be well lubricated? 

(c) How far does the sickle travel for each revolution of 

the crank wheel? 

(d) How far does the sickle travel per minute when the 

mower is drawn at the rate of 2 miles per hour? 
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LABORATORY STUDY NO. 10 

To “ center or “ register ” the sickle. 

Equipment Necessary. — A complete mower. 

Procedure. 

1. Turn the crank wheel until the pitman is “on center*' 
(at either extreme end of its stroke) . 

2. Observe the position of the sickle sections when the pit- 
man is “on center.** They should be exactly in the center of 
the guard. In this position the sickle is said to “ center ** or 
“ register.** 

3. Adjust so that the sickle “ registers ** properly with the 
crank on either center. 

In some mowers the pitman may be adjusted so as to get 
proper registering of the sickle. In others it is necessary to 
adjust the coupling bars (Fig. 150, / and g) for this purpose. 
The front coupling bar is usually threaded at one end so that it 
may be either lengthened or shortened as desired. The rear 
coupling bar (Fig. 150, /) may Ixi adjusted by placing spacing 
washers on either side of the connection between the bar and 
the hinge. The effect of this adjustment is to move the hinge 
toward or away from the crank whind, whichever is required to 
make the sickles register properly. 

4. Study the movement and action of the sickle and. deter- 
mine why it is neciissary that the sickle be made to register. 
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LABORATORY STUDY NO. 11 

To align the cutter bar. 

Equipment Necessary. — A complete mower. 

Procedure. 

1. Lower the cutter bar to the working position. 

2. Stretch a string or use a straight metal rod to get a 
straight line through the center of the pitman, out to the end 
of the cutter bar. The outer end of the cutter bar should be 



Fig. 151. — Eccentric bushing used for aligning cutter bar. 


about 1 in. ahead of this straight line. One inch is allowed for 
every 5 ft. of width of cut. A 10-ft. mower would be given 
2 ins. lead at the outer end of the cutter bar, and other sizes in 
proportion. 

3. Adjust the cutter bar to secure the proper amount of lead 
at the outer end. In some mowers this is done by shortening 
the front coupling bar (Fig. 150, g). In other mowers a special 
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eccentric bushing is placed on the rear of the inner shoe, to care 
for this adjustment. (See Fig. 151, A.) 

If this adjustment is wrong it greatly increases the draft 
of the mower. When the mower is in operation the pitmans 
and sickle should form a straight line. If the sickle lags back, 
it binds and the draft becomes very heavy. 

The pressure of the grass and the ground forces the cutter 
bar back at the outer end when the mower is cutting. Hence 
the lead given the outer end results in the cutter bar being 
forced back into the true line when the machine is in operation. 
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LABORATORY STUDY NO. 12 

To sharpen the mower sickle and replace broken sickle sec- 
tions. 

Procedure. 

1. Grind the sickle sections on the grindstone, being careful 
to preserve the original shape and bevel. A common error in 
grinding sections is to grind too much away from the point 
and not enough from the heel. 

Note , — Special grinding wheels (Fig. 152), beveled for sickle 

grinding, may be se- 
cured from the manu- 
facturer of the mower. 
Better work can be 
done with these than 
with the grindstone. 
One side of two differ- 
ent sections is ground 
at the same time. The 
work can be done ac- 
curately and rapidly. 

2. R e m o V e the 
broken sections from 
the sickle. The most 
satisfactory method of 
doing this is to set the edge of the sickle bar on a block of iron, 
with the sections extending downward. Strike the back of the 
section a heavy blow at a point directly above the rivet. This 
will shear off the rivets and the section will drop off. The rivets 
may then be easily punched out of the holes in the sickle bar.' 

3. Put the new sickle sections in place and rivet them 
securely. Be sure to use rivets of the proper length and thick- 
ness. They should be large enough to fill comi)letely the holes 
in the section and in the sickle bar. 

* Sec Extension Bulletin, No. 155, “ Sharpening Farm Tools,*' by L. M. 
Koehl, Cornell University, Ithaca, N. Y. 



Courtesy of International UarveUer Co. 


Fig. 152. — Sickle grinding wheel. 
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Job No. 23 

TO OVERHAUL AND REPAIR A MOWER 

Operations Necessary to Perform the Job. 

1. Inspect countershaft bearings and replace if necessary. 

2. Mesh bevel gear and pinion to proper depth. 

3. Inspect crankshaft bearings and replace if necessary. 

4. Examine spur gear and pinion. 

5. Remove wheels and clean roller bearings. 

6. Replace pawls and pawl springs. 

7. Inspect wrist pin and replace it if worn. 

8. Replace pitman box and pitman straps. 

9. Replace sickle head if necessary. 

10. Replace worn guard plates, wearing plates, sickle clips, and 
sickle-head caps as required. 

11. Align guards. Replace broken guards. 

12. Align cutter bar. 

13. Register sickle. 

14. Remove and sharpen sickle. 

15. Paint all parts as instructed below (page 213). 

Description of Operations. 

1. Test the bearings of the countershaft and renew them if 
badly worn. A loose countershaft causes rapid wear of the 
bevel gears and may even cause these gears to slip past each 
other, thus causing the sickle to stop and grass to be left uncut. 

2. Adjust the nut on the end of the countershaft (Fig. 141, 
g) to take up the wear in the bevel gears and make them mesh 
properly. 

3. Test the bearings of the crankshaft and replace with new 
bearings if possible. Worn crank-shaft bearings will allow the 
bevel gears to wear fast, and may even result in their getting 
out of mesh and skipping. They may also prevent the sickle 
from registering properly, and cause noisy and inefficient 
operation. 
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4. Examine the main spur gear (Fig. 140, h) and the main 
spur gear pinion (Fig. 140, d). Replace them if the teeth are 
badly worn. Sometimes the teeth of these gears become worn 
almost to a point. Then, when the mower is used in heavy grass, 
the teeth of the two gears slip past each other and the sickle 
stops. 

5. Jack up the mower and remove both drive wheels. 
Remove the roller bearings and wash them out with kerosene. 

6. Put in a complete new set of pawls and pawl springs. 
Worn pawls or weak springs may cause lost motion in the 
mower sickle. It is best to replace the pawls each time the 
mower is overhauled. 

7. Examine the wrist pin (Fig. 144, b). This should be 
replaced with a new one if it is worn out of round. To do this, 
the head of the wrist pin, where it is riveted on tlui back of the 
crank wheel, must he filed or chiseled off. The wrist pin can 
then be punched out of the crank wheel and a new one inserted. 

8. Test the jutman box, pitman pivot strai)s, front and rear 
pitman straps. These are subjected to a great deal of wear 
and probably will need to be replaced on each mower over- 
hauled. 

9. Test the connection of the pitman straps on the ball of 
the sickle head (Fig. 145). This ball is frequently worn so that 
it also should be replaced to get a good tight connection. Loose- 
ness at this joint will cause very rapid wear. 

10. Examine the guard plates carefully, and replace any 
that are worn or brokem. These are held in place in the guard 
by one rivet. File off the end of the rivet and punch it out, and 
the guard plate will loosen. It is, of course, first necessary to 
loosen the guard bolt and take the guard off the cutter bar. 

11. Replace the wearing plates (Fig. 140, d) and the sickle 
clips (Fig. 146, e). If the sickle clii)s are not too badly worn, 
they may be bent downward by striking them with a hammer, so 
that they will hold the sickle down properly against the wearing 
plates. A slight clearance (about xiir in.) is desirable between 
the sickle and the sickle clips. 
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12. Test the sickle-head caps (on inner shoe) for wear, in the 
same manner as the sickle clips. Replace them if necessary. 

13. Examine the swath board and grass stick. Tighten the 
connection between the swath board and the outer shoe. 

14. Wash all parts thoroughly with kerosene to remove 
grease and dirt. Be particularly careful to clean out the spur 
gear and the bevel-gear housings. 

15. Examine the guards. Straighten any that are bent out 
of proper aligmnent. (Cardboard shims between the guard 
and cutter bar are sometimes useful for bringing guards into 
alignment.) Replace broken guards. 

16. Align the cuttcT bar as d(;scribed in I-iaboratory Study 
No. 11, page 208. 

17. Register the sickle as (U^scribed in Laboratory Study 
No. 10, page 207. 

18. Sharpen the mower sickles and replace broken sections 
as described in Laboratory Study No. 12, page 210. 

19. Paint all parts of the mower, except the sickles, gear 
teeth, lever detents, etc. (where paint would hinder proper 
operation). 

20. Remove the sickles and cover them wit h a coating of thick 
oil or grease. Store the sickles in a safe plcc. 
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Job No. 24 

TO OPERATE A MOWER 

Operations Necessary to Perform the Job. 

1. Lubricate all moving parts. 

2. Adjust height of pole and level cutter bar. 

3. Operate mower idle for a few minutes' test run. 

4. Start mowing by traveling around outside edges of field. 

5. Regulate height of out and operate levers. 

G. Adjust grass board and grass stick. 

Description of Operations. 

1. Oil all parts thoroughly. Clean out all oil holes with the 
sharp wire. (Jleari out the casings or shields covering the gears. 

Locate and oil the following parts. These should be oiled 
every half hour while the mower is running. 

(a) (Crankshaft bearings (2). 

(b) (Countershaft bearings (2). 

(c) Pitman bearings (2), one at each end of the pitman. 

Locate and oil the following parts. These should be oiled 
twice a day when the mower is in operation. 

(а) Main axle bearings. 

(б) Main wheel hubs. 

(c) (Clutch-shifting parts. 

(d) Inner-shoe pins. 

(e) Joints of lifting mechanism. 

(/) Levers and pivots. 

2. Adjust the height of the tongue. The front end of the 
tongue must be carried about 30 to 32 ins. above the ground 
on horse-drawn mowers. This distance may be adjusted by 
the neckyoke straps. This is an important adjustment. If it is 
properly made the cutter bar sets level and square on the 
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shoes, and the various parts of the frame are at the correct 
working angle. 

3. Operate the mower idle. Before beginning to cut, the 
mower, especially if new, should be run idle for a short time. 
This will enable the operator to know if all parts are working 
properly. 

With a new mower it is well to lubricate all parts with 
kerosene and then run the machine idle. This will cut any 
paint that may have worked into the bearings and make the 
mower run much easier. After it has been run idle a few min- 
utes, the mower should be thoroughly lubricated with good oil. 

4. Start mowing around the outer edges of the field. Mow- 
ing is done by driving the machine around the field, not back 
and forth across the field as is done with thci plow or harrow. 
The field is start(Kl at one corner and the mower is driven clear 
around, following the boundary at each edg(^ of the field. Each 
succeeding swath is nearer the center of the fi(4d. 

It is sometimes necessary to drive tlie horses or the tractor 
through the standing grass when making the first round. The 
grass that is thus left standing may be cut later, by driving 
around the field in the oi)posito din^ction. 

Raise the cutter l)ar with the foot hwer at the corners. 
The mower is run straight down one edge of the fi(4d until the 
cutter bar completes its swath. It is backed so that the sickle 
will enter full width into the grass of the next edge of the field. 
Then the foot lever is released and the cutter bar dropped 
again. 

Beginners will experience some difficulty in turning at the 
corners of the field. The swath cut at the corner must be the 
same width as that in any other part of the field. 

The clutch is engaged by a small foot ])edal located near the 
driver's seat. This must be done before driving the mower into 
the grass. The sickle should always be moving before the 
mower enters the grass, otherwise it may become clogged up. 

5. Regulate the height of cut and operate the levers as 
required. The soles of the inner and outer shoes are raised or 
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lowered to regulate the height of cut. Roth soles should be 
adjusted so that the cutter bar will be level. 

The cutter bar may be tilted forward for cutting very short 
grass. This should be done only on fields that are known 
to be free from obstructions, otherwise the knife and guards 
.may be broken or damag(‘d. For this reason it is (kisirable to 
have the guards tiltcnl upward when working on rough ground. 

The foot lever is used to raise the cutter bar a short distance 
above the ground. AV'hen passing ov(t stones, roots, or other 
obstacl(\s that do not project high above the ground, the foot 
lever alone is nc^cc'ssary. 

The large lifting kwer is used to raise the cutti'r bar high 
above the ground. This is n(^c(‘ssary in order to pass over high 
obstacles. Raising th(‘ bar with this k‘V(T dist'ngages the 
clutch. The action of the foot lever alone do(‘s not disengage 
the clutch. The lifting spring should be adjusted so that the 
bar can be easily lift(‘d with tMtlu^r lever. 

(). Adjust the grass board and stick. The grass board is 
usually left slightly loose so that its uruka- side follows the con- 
tour of the ground. The grass stick should b(', s(^t so that 
it lays the cut grass well to the left of the outc'r (md of the 
cuttcT bar. This allows the two horses or the t ractor to straddle 
the cut swath the next time around. The rear end of the 
stick should be raised for cutting tall grass and lowered for 
cutting short grass. 


FIELD TROUBLES 

The mower cannot be oj^erated to advant age when the grass 
is too wet. The wet grass has a tendency to clog the sickle 
and also ma^' cause the drive whecds to slip. 

Under normal conditions, how('V('r, the mower gives very 
little troubk\ The various troubles that do occur an^ nearly 
always causcnl by a wrong adjustment or worn parts. 

The more common troubles arc listed below, with their 
causes and remedies. 
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1. Sickle Becomes Clogged or Stops and Drive Wheels 
Slide. — This may be caused by any one of the following condi- 
tions : 

(a) Some o]:)struction may be stuck in the sickle. 

(b) (Irass may be wedgc^d in between the sickle and the 
guard })lat(\ 

(r) The guards may be out of alignment (bent due to strik- 
ing obstruction) . 

(d) The sickle may be cloggcnl owing to the oix'rator’s 
starting the mower in heavy grass. Tlie sickles should be in 
motion Ix^fore entering the grass. 

(e) Tli(^ pawls jnay be worn. This causes lost motion, 
which allows the sickle to be idle for an instant when the 
mower is started. The grass wedges in the stationary sickle 
and clogs it. 

Th(' above troubles may be remedied by n^placing worn 
parts, correcting the alignment- of the guards, or adjusting the 
sickle cli[)s properly. 

2. Pitman Box Heats and Knocks. — This is usually caused by 
a worn bearing. The large s})ace thus left between the wrist pin 
and the bearing allows all the lubricat ion to lealc out, and berating 
n^sults. 

The pitman box in this case should b(^ replaced. 

3. Cutter Bar Jumps or Rises Frequently.— This is caused 
by the lifting spring Ixing too tight. Lo()S(*n tlu^ spring so that 
the bar rests more heavily on the ground. 

4. Sickle Does Not Start with Drive Wheels. —(Wheels 
turn part of a revolution before sickle^ b(‘gins to move.) This 
condition should b(‘ nMiMxlied at once as it will give con- 
stant annoyance. 

It may b(i caused by any one of the following conditions: 

id) Worn pawls, ratchets, or pawl springs. 

ib) Worn bearings on th(‘ countershaft or crankshaft. 

(r) Worn g('ars on the countershaft or crankshaft. 

id) Worn clutch. 

(c) Connection between pitman and sickle head worn. 
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GRAIN BINDERS 

The grain binder is one of the most intricate of all farm 
implements. CJonsidering the variety of operations which it 
performs, its adaptability to different field conditions and the 
rapid rate at which the work is accomplished, the grain binder 



Courtviti/ of Matineij-IIarTiii Ilarvcsler Co., Inc. 

Fk;. 1.53. — Grain binder. 


presents an excellent example of engineering ability and man- 
ufacturing efficiency. 

The harvesting operation accomplished by the grain binder 
includes cutting the standing grain, binding the cut grain into 
compact bundles, and dropping the bundles in rows (called 
windrows) across the field. 
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The accomplishment of this three-fold function requires 
many mechanical adjustments on the binder. These will be 
discussed in detail in this chapter. Some of the varying con- 
ditions necessitating a wide range of adjustments are as follows: 

1. Topography of the field: hills, gullies, etc. 

2. Very short or very tall grain. 

3. Lodged or tangled grain. 

4. Heavy or light grain. 

5. Green, ripe, or over-ripe grain. 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Main Frame (Fig. 154). — The main frame is made up of 
flat or angle steel bars, which are riveted together and well 



braced. They form a rectangle with the inner ends projecting. 
These ends are lx)lted to the binder platform. 

Two brackets are bolted at the c('nt(»r of the main frame. 
These center the main wheel and serve as hangers to place the 
weight of the frame upon the main wheel (Fig. 154, 1 ). 
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Bearings for two shafts are carried in the main frame. 
These shafts are the countershaft and the crankshaft. Two 
roller bearings are provided for the countershaft and two roller 
bearings for the crankshaft. The two countershaft bearings 
and one of the crankshaft bearings are shown in Fig. 156. 

A bracket for connecting the tongue is bolted to the front 
of the frame (Fig. 154). 

2. Main Wheel (l^^ig. 154). — The main wheel carries the 
greater part of the weight of the machine. It also acts as a 
drive wheel and furnishes power for all of the moving parts. 
The rim of the wheel carries lugs so that good traction may be 
secured. The main wheel is mounted on a short axle which is 
carried on two roller bearings. A nanovable sleeve slips 
through the center of the wheel hub and revolves on the roller 
bearings. A small pinion is ke 3 "ed to each end of the main- 
wheel axle. This fixes the axle in the brackets. The axle is 
stationary and the wheel revolves on it. By means of a raising- 
crank worm and worm gear (Fig. 1 55) the axle ma^^ be raised or 

lowered in tlie brackets. 
This regulates the height 
at which the grain is cut. 

A large sprocket is 
bolted to the hub of the 
wheel. Th(j driving power 
for all the working parts 
is transmitted b^^ this main 
si)rockct. 

3. Main Chain (Fig. 
155) .— A large chain trans- 
mits the power from the 
main-wheel sprocket to 
the clutch sprocket which 
is carried on the countershaft. A tightener is provided to keep 
the chain at proper tension. 

4. Transmission of Power to Sickle. — The various parts 
which transmit the power to the sickle are (juite similar in con- 
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stmction and function to those used for this purpose in mowers. 
Hence the description will not be repeated here. The parts 
referred to arc as follows: 

(a) Countershaft and Bearings (Fig. 15()). 

{b) Clutch and Clutch Sprocket (I'igs. 154, D and 150, C). 
The clutch and sprocket are located on the countershaft. A 
clutch-shifting fork is connected to the clutch by means of a rod 
located near the operator’s seat. Turning this roil slides the 
clutch along the shaft and allows tlui notch(\s to come out of 
engagement. The clutch s])rock('t revolves freely upon the 
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15(). — Countershaft and hovc'l ^;(‘ars 

countershaft and does not drive it unless the clutch is engaged. 
A large coil spring holds the clutch in engagement-. 

An adjustment is provided on the countershaft for taking 
up wear in the bevel gears (Idg. 15(), B). 

(c) Bevel Pinion and Bevel Gear (Fig. 150). — As in the 
mower, these gears change the direction of the motion, the 
crankshaft being i)laced at a right anglij with the countershaft. 
The large bevel gear is keyed to the countershaft and the small 
bevel pinion is keyed to the crankshaft. These gears arc pro- 
tected with a shield which is not shown in the illustration. 

The crankshaft sprockid. is keyed to the rear of the crank- 


222 


GRAIN BINDERS 


shaft. This is used to transmit power to drive the various 
parts of the binding mechanism and the platform and elevator 
canvases. 


(d) CVan/c and Wrint Pin . — The crank (Fig. 157, a) is keyed 
to the front end of the cranlvshaft. It carries the wrist pin 
(Fig. 157, h) to which the pitman (Fig. 157, c) is attached. A 
crank wheel, similar i.o that used in mowers, is used on some 
makes of grain binders. 

(e) Piiiimn . — The pitman (Fig. 157, c) may be made of wood 

or steel, wooden pitmans be- 
ing the more commonly used. 




t'Ki. 157. — Crank wrist pin luk 
pitman. 


AVood is light and resilient. 
The pitman is held in place on 
the wrist pin by a latch or 
nut. It may be (^asily re- 
moved when it is necessary to 
change the knife. 

The opposite end of the 


pitman slips over the stud in the end of the sickle head and 


is held in place by a steel guide (Fig. 158, A). 
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attached in the same manner and have the same functions as 
like parts of the mower. 

The cutter bar of the binder, however, does not drag on 
the ground. The weight is borne on the wheels. There is no 
tendency, therefore, for the outer end of the cutter bar to lag 
behind, hence no provision for the alignment of the cutter bar is 
necessary. 

The construction of the knife or sickle, guards, and cutter 
bar of a standard type of binder is illustrated in P'ig. 158. 
The bar itself is made of heavy-stock Z-bar angle steel. The 
guards are bolted to the cutter bar. They are sjiaced 3 ins. 
apart, as in mowers. A 7-ft. binder, tlu'refon', has twenty- 
eight guards. The sickle sections are h('ld down against the 
guard plates by the knife holder (Fig. 158, B). 

The shape of the sections of the binder sickle is somewhat 
different from that of those in the mower. The regular binder 
section is rough or serrated. This type of sc'ction is used for 
cutting all kinds of grain, where tlu^ straw is always fairly dry. 
Smooth sections may be obtained for bindc^r sickles in case it 
is necessary to use the binder for cutting grass crops. 

Smooth guard plates are used in coiinc^ction with the rough 
or serrated section. This combination gives the best results for 
cutting grain. 

The travel of the sickle is twice as far as in the mower. 
No adjustment is provided for centering or re^gislciring it. 

6. Grain Wheel (Fig. 159, a).— The small wheel is calk'd the 
grain wheel as it runs at the side of the swath n(\arest the uncut 
grain. It supports and is attached to the out-c'r end of the plat- 
fonri. The axle for the grain wheel is cast integral with the axle 
slide (Fig. 159, h). This slide may be raised or lowered by means 
of the crank (Fig. 159, c), thus changing the height at which 
the grain is cut. The adjustment of the height of the outer end 
of the platform is made by the grain wheel. The height of the 
inner end of the platform may be changed by raising the main 
wheel. These adjustments must be so made that the grain is 
cut the same length at both ends of the platform. This usually 
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means that the platform will be level, but on side hills one end 
of the platform may be lower than the otlu^r. To do even, 



Fkj. 159. — (iniin wlx'cl and out.Mdo divider. 


uniform cutting*;, the fdatforin must be s('t so as to conform to 
the slojM^ of th(' ground. 

Th(i grain whecd revolves on a roller bearing, which is lubri- 
cated by means of an oil tube in the hub of the wheel. 



Fk;. 1(>0. — Plalfonn and nlalform rollers. 


7. Platform. — Figure 100, d shows the platform with the 
platfonn rollers in place. The cutter liar (f'ig. 160, e) is attached 
to the front of the platform. As the grain is cut by the sickle 
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it falls on the moving platform apron (Fig. 162, a) which con- 
ducts it to the elevators (Fig. 162, b and c). 

To prevent the grain (especially very tall grain) from being 
carried or blown over the rear of the platform, the platform 
deck (Fig. li\l, a) and the wind 
break or back curtain (Fig. 

Kil, h) are used. Both of these 
are adjustable. They practic- 
ally enclose the rear of the plat- 
form. 

Figure 160 gives a view of 
the platform without the apron — Platform dock and back 

in j)lac(^ Note tlui two platform curtain 

rollers / and h. Th(i inner roller is driven In^ tlu^ sprocket and 
this roller drives the canvas apron. Tlu^ outside roller is a 
carrier or idler ” roller only, that is, it does not drive but only 
carriers the canvas a[)ron. 

The outside rolk'r is provided with a canvas tightener (Fig. 
160, (j). If the ai)rons are not tight enougii the rolhu's will slip 
inside of Ukmu and the aprons will not inovc^. As it is difficult 
to draw the straps on the aprons tight enough, some form of 
canvas tightener is usually provided for all the aprons. The 
aprons must be kept tight while the bindca* is in ojxTation. If 
the binder is left over night or for a few hours with the aprons 
on, the canvas tightener for eaeli apron should Ix^ ndeased. 

The bottom of the platform is made of sluHit steel, which 
is carried on three or more angle-iron cross sills. 

8. Elevators and Rollers (Fig. 162). — The (‘levators wath 
their aprons receive the grain from the platform apron and 
carry it upward or ^‘(devate it., to th(^ deck (k'ig. 162, d) where 
it is bound into bundles, as will be d(‘scribed later. 

Figure 162 shows the plac(Mnent of the rolk'rs, the direction 
of travel of the (d(;vator ai)rons, and the course of the grain as 
it travels upward between the u[)per and lower elevators. 
Figure 1()2, e shows the lower, and Fig. 162, / the upper roller, 
of the lower elevator. I'igure 162, g is the lower, and Fig. 162, h 
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the upper roller of the upper elevator. The aprons travel in the 
directions indicated by the arrows. 

The lower rollers of both elevators are idle rollers (not 
driven). They are pivoted to the elevator guides so that the 

lower rollers may 
be raised. This 
shortens the dis- 
tance between the 
lower and upper 
rollers of the cle- 
vator. These 
pivoted bushings, 
therefore, are used 
as canvas tight- 

ri(}. 102. — Elevation of grain from platform to The canvas 

})inder doc^lv. straps are drawn 

tight with the rol- 
lers in the loose position. Then the ojx'rator can press the 
rollers down firmly with his foot and tiicy will lock in the 
downward position and tighten the canvases. 

The rollers at the upper ends of the ek'vators are both driven 
rollers. The upp(T roller of the lower elevator is the main- 
drive roller. It is driven by the sprocket (Fig. 163, c). The 
opposite end of this roller is g(‘ared to the rolk^r above it so that 
the two turn togc^^dier. This gearing, which is at the front of 
the binder, is shown in Fig. 167. 

The upper (‘levator is usually a floating one. If the grain 
is very heavy tli(^ upper ek'vator will be forced away from the 
lower on(‘ so as to allow more room betweem them for the passage 
of grain. 

An additional roller, called the deck roller,” is placed as 
shown in k'ig. 162, /. This helps to deliver the ^rrain to the deck 
evenly. It is driven by gears from the main-drive roller. An 
intennediate gear is used so that the direction of rotation of 
the deck roller will be the same as that of the main-drive 
roller. 
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9. Apron Chain (Fig. 1(>3). — One long chain, of about one 
hundred links, drives both elevator aprons and the platform 
apron. The driving power for tliis chain is taken from the 
crankshaft sprocket (Fig. 163, a). The chain then passes over 



the chain tightener (Fig. 163, d) down 1,0 platfonn roller 
sprocket (Fig. 163, b), up and under the wooden chain tightener 
shown at Fig. 163, e, to the main-drive roller sprocket (Fig. 
163, c). Then the chain passes downward over the })inder-driving 
sprocket (Fig. 103,/) and returns 
to the crankshaft sprocket. The 
arrows show the direction in which 
the chain travels. The proper 
method of putting on the chain is f 1^’d Proper method of 
shown in the accompanyinR illus- ‘‘««e.nl.UnK cham on drive 
tration. The hooks of the chain ^ 

should point forward. The curved back of the chain links 
should be next to the sprockets (Fig. 164). 

10. Reel (Fig. 165). — The function of the reel is to bend the 




228 


GRAIN BINDERS 



J<’ui. 105. — Rod and in.sido divider. 


standing grain toward the 
sickle, and hold it against 
the sickle until after it has 
been cut. 

Two of the levers, which 
are shown mounted in Fig. 
1()(), are for adjusting the 
reel for various field condi- 
tions. One of those levers 
raises and lowc'rs the reel, 
and the other tilts it for- 
ward or backward. The reel 
should be so adjusted that 
the slats (Fig. U)5, a) strike 
the standing grain just below 
the head. They should not 
leave the grain until after it 
is cut. The 1 (^v(ts are con- 
nected by rods to the reel 
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frame (Fig. 165, b). The placement and purpose of all the 
levers of a standard type of binder are illustrated in Fig. 166. 

The reel slats and reel arms (Fig. 1()5, a and c) are bolted to 
the reel shaft (Fig. 165, d). Six reel slats are commonly used. In 
binders of 7-ft. cut or more, the outside end of the reel shaft is 
supported by a standard. This standard is called the '^outside 
reel support ” as it is attached to the outer end of the platfomi. 
Figure 178 shows the location of the outside reel support.^’ 

The reel slats reach from the inside divider to the outside 
divider (Fig. 159, d). Several holes are provide^d for attaching 
the slat to the arm so that proper adjustment may be made to 
prevent the slat ends 
from striking against 
either divider. 

Power for driving the 
reel is taken from the 
front end of the main- 
drive rolkir and is trans- 
mitted through the spur 
gears (Fig. 167, a) to th(' 
bevel gears (k'igs. 107, b 
and c). A combination 
bevel gear and sprocket 
(Fig. 167, c) transmits 
the power to the reel- 
driving sprocket shown 
in Fig. 165, /. 

11 . Inside Divider 
(Fig. 165, e). — The inside 
divider is made of sheet 
iron and is braced from 
the main frame as illustrated. Its function is to gather and 
direct the grain, at the inner edge of the swath, toward the 
sickle. 

12 . Outside Divider (I^ig. 159, d ), — The outside divider gath- 
ers and directs the grain toward the sickle at the outer edge of 



Fj(i. 107. — Keel driving parts. 



230 


GRAIN BINDERS 


the swath. It leaves a clear and distinct edge of uncut grain. 
The long, pointed front of the divider helps to pick up lodged 
or tangled grain and clears a track for the grain wheel. 

The divider is bolted to the outer edge of the platform 
is three places, front, center, and rear. 

13. Binder Deck (Fig. 168). — The cut grain is delivered by 
the elevator aprons and the deck roller to the deck. Here the 
loose grain is packed together and bound into compact bundles. 
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Fig. 168. — Binder deck, deflector and deck wind board. 

While this operation is being performed the grain is pre- 
vented from slipping down the inclined deck by means of the 
retarding springs and the trip hook (Fig. 108, E), 

The deck is made of wood or steel. A center section is 
hinged so as to give access to the parts below it for lubrication 
and adjustment (Fig. 168, F). 

The rear of the deck is enclosed by a small board, called the 
deck windboard (Fig. 168, (/)• This may be folded down to 
allow more space when long straw is being cut (Fig. 153). 
The deck wind board is attached as indicated at 4. The 
deflector is attached at A and Fig. 168. The sheet-iron 
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deflector keeps the cut grain down on the deck and prevents it 
from being blown out (Figs. 168 and 162, j). 

14. Adjuster, or Butter (Fig. 169). — The adjuster is located 
at the front end of the binder deck. It is fastened by cotter 
pins at the points indicated by the arrows. The function of the 
adjuster is to keep the straws even at the butt end so that a 



Fig. 169 .— Adjuster or Butter. 


well-shaped bundle may be secured. This process of evening 
up the straws at the butt gives ri.«n to the term butter. 
The crank shown in Fig. 1G7, d, drives the adjuster, or butter. 
The position of the adjuster may be regulated for long or short 
grain by means of a long shifting rod, which passtis over the 
deflector to a point near the operator’s .seat (Fig. 168, 2). 

The inside of the adjuster is faced with triangular lugs, 
which aid in shaping the butts of the bundles. 
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16. Binder Attachment (Fig. 170). — The various parts that 
pack the straw into bundles, tie the bundles, and discharge 
them are considered as a unit, which is called the binder 
attachment.” 

The binder attachment is mounted on the main frame. 
This whole unit may be moved forward or backward on the 
frame by means of the binder-shifting lever. This adjustment 



Fkj. 170. - Hinder attachment. 


is necessary in order that the bundle may always be tied near 
the middle, regardless of the length of tlu^ straw. 

(a) Binder Drive . — Figure 170, c, shows the means by which 
the binder attachment is driven. A square driving shaft trans- 
mits the power from the binder-driving sprocket to the packer 
crank. 

(h) Packcra and Packer Crank (Fig. 170,/). — The two arms 
or forks shown in the illustration an^ called packers. The upper 
ends of the packers project through slots in the deck. The 
motion of the packers presses the grain on the deck down 
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against the trip hook and packs it into a firm, compact bundle 
(Fig. 172). 

The packer shaft extends to the front end of the binder. 
It is, in effect, an extension of the separo drive shaft shown in 
Fig. 170, e. It transmits the driving power to the forward end 
of the binder attachment. 

(r) Binder Attachment Shafts . — There are three shafts in the 
binder attachment in addition to the packer shaft mentioned 
above. These are as follows: 

1. Needle shaft (I'ig. 170, /)• 

2. Knotter shaft (Fig. 170, h). 

3. Compressor shaft (Fig. 170, g). 

None of these three shafts turns steadily; they move only 
when a bundle? is b(‘ing tied and discharged. At this time the 
knotter shaft revolves, but the? compressor shaft nu^rely rocks 
backward a f(?w degrees. This slight motion unlatches the trip 
stop (Fig. 170, j). The knotter shaft and the needle shaft are in 
motion only while the trip stop is unlatched. 

The knotter shaft and needle? shaft arc enclosc'd in the 


frame of the binder attach- 
ment. The location of the 
needle shaft is indicated by 
the arrow in Vig. 170, f, and 
the location of the knotter 
shaft by the arrow in Fig. 
170, h. 

(d) Knotter (Fig. 171). — 
The knotter is carried at about 
the center of the binder at- 
tachment. It is mounted 
above the binder deck as indi- 
cated by the arrow in Fig. 
170, K. The knotter ties a 
knot in the band of twine, 



Fkj. 171. — Principal parts of a 
standard type of knotter. 


which is drawn around th(» bundle by the needle. After 


this knot is tied, a small knife, contained within the knotter. 
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cuts the twine so that the bundle may be discharged. (See 
Fig. 172.) 

There are three principal working parts in the knotter; as 
follows: 


1. Knotter hook (Fig. 171, b). 

2. Twine-holding disk (Fig. 171, c). 

3. Twine knife. 

The tension of the movable hook or bill may be adjusted 
by the spring and set screw shown in Fig. 171, e. The 
method of making the correct adjustment is discussed on 
page 250. 

The tension of the twine-holding disk is regulated by the 
set screw and spring shown in Fig. 171, (See directions for 
making correct adjustment, page 249 and 250.) 

The twine knife cuts the twine after the bundle has been 
tied. It must be kept sharp. This is best accomplished with 
an oil stone. 

In order that the student may clearly understand the action 
of the knotter and all oth(^r parts of the binding attachment, 
a special study should be made of these parts. (See Laboratory 
Study No. 14, page 242.) 

The moving parts of the knott(ir are driven from the knotter 




Fio. 172. — Action of needle and 
knotter. 


cam gear (Fig. 172, b). This 
cam is keyed to the knotter 
shaft. The small pinion (Fig. 
171, d) drives the knotter hook 
(Fig. 171, 5), which is the part 
that actually ties the knot. The 
small pinion shown in Fig. 
171,/ drives the twine-holding 
disk. Both of these pinions are 
driven by the knotter cam gear 
(Fig. 172, 6). 

(e) Discharge Arms. — The 


discharge arms are mounted on the inner end of the knotter 


shaft (Fig. 170, m). When the bundle is of the proper size 
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and sufficiently compressed, these arms revolve and throw it 
down off the binder deck on to the bundle carrier. 

(/) Trip Hook and Compressor Shaft . — The loose grain is 
packed against the trip hook (Fig. 170, b) by the packers. As it 
accumulates, the pressure against the trip hook increases. 
When the proper amount of grain for a bundle has been accu- 
mulated, the pressure against the trip hook forces it back. 
This rocks back the compressor shaft and the trip stop is 



Fig. 173. — 'IVip stop, compressor spring tirul needle j)itinan. 


unlatched (Fig. 173), whereupon the noodle shaft and knotter 
shaft come into action. (When the trip stop is latched, both 
of these are idle.) The needle moves forward and upward, 
through a slot in the deck. The needle point carries the twine 
over the knotter hook and into the twine-holding disk, thus 
wrapping it around the bundle of grain (Fig. 172). At this 
point in the revolution of the knotter shaft, the gear teeth on 
the knotter cam come into mesh with the two pinions'(Figs. 171 , 
d and /). The knotter hook and twine disk revolve, the knot 
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is tied, the ends are cut, and the bundle is thrown out by the 
discharge arms. 

The knot is pulled from the hooks of the knotter by the 
action of the discharge arms against the bundle. The twine 
is always retained in the eye of the needki and in the twine- 
holding disk so that the same operation may be repeated when 
the next bundle is formed. 

Larger bundles may be made by setting the trip hook 
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Ei(i. 174. — Bundle carrier. 


(Fig. 170, h) farther back. Several holes are provided for this 
purpose. Tighter bundles may be obtaimid by increasing the 
tension of the compressor spring, shown in T^ig. 173, D. The 
bundles may be made tighter also by increasing the temsion of 
the trip-stop spring (Fig. 173), in the type of binder here 
illustrated. 

Adjustments similar to those described and illustrated 
above are provided on all types of bindcu-s. 

Several studi('s emphasizing the care and adjustment of the 
binding attachment will be given at the end of this chapter. 
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16. Bundle Carrier (Fig. 174). — The bundle carrier is 
attached to the main frame of the binder. The bundles are 
thrown by the discharge arms from the deck of the binder to 
the bundle carrier. When several bundles have accumulated 
on the bundle carrier, the operator dumps it by means of a foot 
lever located near the driver’s scat. A coil spring returns the 
bundle carrier to its original position after the bundles have 
been dumped off. 

This action of the bundle carrier makes it possible to drop 



Fig. 175. — Tongue truck. 


the bundles in rows across the field. This savcis much time in 
later harvesting operations. 

17. Tongue Truck (Fig. 175). — Florse-drawn binders are 
usually equipped with a tongue tnick. This requires the use 
of both a stub pole and a long pole. A tongue truck is very 
desirable. It supports the forward end of the binder and 
relieves the horses’ necks of all weight. The stub tongue is 
connected to the main frame and braced to a point near the 
inside divider. Wooden or steel cveners are commonly fur- 
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nished. Three or four horses are used with the 7-ft. and 8-ft. 
binders. 

18. Tilting Lever (Fig. 167, e ), — The long tilting lever is con- 
nected to the stub pole by means of steel braces. The setting 
of this lever, through the action of the tilting crank (Fig. 167, /), 
controls the tilt of the cutter bar. The guards may be tilted 
down for picking up lodged or tangled grain. 

19. Transport Trucks (Fig. 176). — It is very desirable to 



Courieny of International Harvester Co. 

Fi(i. 176. — Transport trucks. 


have a binder equipped with transport trucks. When these are 
used the stub pole and tongue truck are connected underneath 
the out(T end of the platform. The axles of the transport 
trucks arc carried in castings bolted to the main frame. (See 
Fig. 154, B and C). The binder is drawn from the outer end 
of the platform. This is very convenient when traveling on 
narrow roads or through woods, etc., as the machine requires 
less space when drawn in thi^ manner than when in the work- 
ing position, 
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TRACTOR BINDERS 

1. Stub-pole Tractor Hitch. — Binders that are built to be 
drawn by horses can very easily bo operated with tractors. 
A short pole can be connected from the binder to the draw bar 
of the tractor. Such combinations, however, will reciuire two 
men to operate them. One man must drive the tractor and 
another must occupy the seat of the binder and operate the 
various levers, trip the bundle carrier at proper intervals, etc. 



'this fOOT lEVro ATTACHES TO TRACTOR JMAR 
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CouTiGsy of Mai^acy- Harr IS iJaruGatcr Co., Inc. 

Fi(i. 177. — One-man control tractor hitch. 


2. One-man Control Hitch (Fig. 177). — To do away with the 
necessity for the extra man, special tractor-])indcr control 
hitches have been designed. These make possible the control 
of the binder from the seat of the tractor. 

3. Tractor Binders (Fig. 178).— Special tractor binders are 
built in 8- to 10-ft. sizes. These are suitable for use with 
medium-sized farm tractors. The power for driving tractor 
binders is taken directly from the tractor. No chaip is used on 
the main wheel of the binder, as is done in horse-drawn binders. 
A special shaft is mounted in the binder frame which is geared 
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at the rear end of the binder to the crankshaft. The driving 
power is transmitted from the crankshaft sprocket to the other 
parts in the same manner as in horse-drawn binders. 



Couriny of International Harvester Co. 
Fic;. 17S. — Tractor binder with power take-off. 


All the lovers are mounted on the stub pole within easy 
reach of the tractor seat. The bundle carrier is operated by a 
trip rope. 
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LABORATORY STUDY NO. 13 

To inspect, locate, and name the parts that transmit power 
to the various parts of the binder. 

Equipment Necessary. — Complete binder. 

Procedure. 

1. Begin with the main-wheel sprocket and name in order 
the parts that transmit power to the sickle. 

2. Examine the connections, gear contacts, chains, or bear- 
ings of all such parts, to determine if any are badly worn. 

3. Locate the adjustment for taking up wear in the bevel 
gears (Fig. 156, B). 

4. Note the manner in which the main chain is placed on 
the sprocket. (See Fig. 1()1 for correct method.) 

5. Starting with the crankshaft sprocket (Fig. 163, a) list 
in order the parts that transmit power to the various elevator 
rollers. 

6. Examine the parts listed above to dct(.‘rmine if any are 
badly worn. 

7. Starting with the main-drive roller, list in order the parts 
that transmit power to the reel and adjuster (Fig. 167). 

8. Examine the parts listed above to dctcnnine if any are 
badly worn. 
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LABORATORY STUDY NO. 14 
(Fig. 179) 

To thread the binder needle with the binding twine, and 
test the knotter. 

Equipment Necessary. — Binder with all parts of binding 
attachment, twine can, twine guides, and tension, one ball of 
binding twine. 

Procedure. 

Note , — The following directions apply particularly to the 
McCormick binder, but may be followed in general for any 
other make. 

1. Pull the twine end out from the center of the ball. Pass 



Fici. 1 79 — Threading the needle. 


it through the holes in the top of the twine can (Fig. 179, h) 
and close the cover. 

2. Pass the twine through the holes in the braces (Figs. 179, 
c and d). 

3. Spring open the roller tension (Fig. 179, e) and pull the 
twine through it. This tension may be adjusted by means of 
a regulating nut. It should be so tight that no slack is per- 
mitted in the twine between the tension and the twine-holding 
disk. 
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4. Pass the twine through the eyelet shown in Fig. 179, g 
and also through the eyelet on the back of the needle. 

5. Thread the twine through the needle as indicated by the 
dotted lines (Fig. 179, h) and pull several feet through the eye 
of the needle. 

6. Hold the free end of the twine tight with one hand. Pull 
back the trip hook (Fig. 170, b) and revolve the discharge arms 




A B 

Courtesy of International Harvester Co, 

Fig. 180. — Entering twine into twine holding disk. 


while holding the twine taut. (See vStarting Position, Fig. 
180, .4.) 

7. Continue the revolution of the discharge arms (Fig. 180, 
B), This causes the needle to pass the twine into the twine- 
holding disk, where it is retained. Pull the knot off the knotter 
hook. 

8. Test the knotter by tying several knots. To do this, 
the following steps are necessary: 

(а) Pull a little twine (about 1 ft.) through the needle and 

hold it taut with one hand. 

(б) Pull back the trip hook. 

(c) Make one complete revolution of the discharge arms. 

(d) Pull the knot off the knotter hook. 
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LABORATORY STUDY NO. 16 

To locate and operate the various levers and adjustments 
of the binder. 

Equipment Necessary. — Complc'te l)indor. 

Procedure (Refer to Fig. 100). 

1. Sit in the operator’s seat and, by testing each lever or 
adjustment, locate the following: 

(а) Reel-raising lever. 

(б) Reel-tilting lever. 

(c) Binder-tilting lever. 

(d) Bundle-carrier foot lever. 

(e) Shifting lever for binding attachment. This shifts 

the binding altachment forward or backward. 

(/) Adjuster lever. 

2. Locate the following parts: 

(а) Main-wheel raising crank. 

(б) Orain-wheel raising crank. 

3. Operate each of the levers until the purpose and action 
of each is clearly understood. 
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Job No. 25 

TO OVERHAUL AND REPAIR A GRAIN BINDER 

Note, — In order to simplify the procedure, this job will be 
divided into six parts. 

Operations Necessary to Perform the Job. 

Part I. — Main Wheel and Countershaft 

1. Inspect alignment of main wheel. 

2. Test bearings of main wheel. 

3. Examine main-wheel sprocket and main chain. 

4. Test main-wheel raising device. 

5. Check alignment of main sprocket and clutch sprocket. 

6. Test clutch and clutch spring. 

7. Replace bearings on countershaft if necessary. 

8. Take up end play on countershaft. 

9. Clean and oil bearings of main-wheel shaft and countershaft. 

Part II. — Elevator Sf Roller s^ Canvases 

1. Remove and repair canvases. 

2. Test rollers and replace worn bearings. 

3. Square up elevators. 

4. Inspect apron chains and sprockets. Test alignment of apron 

sprockets. 

Part III. — Cutter Bar, Sickle, Pitman 

See instructions for repairing cutter bar, sickle, and pitman on 
mowers. Job No. 23, pages 210 and 211. 

Part I V. — Reel 

1. Replace worn gears, sprockets, or chains that drive the reel. 

2. Test bearings of reel shaft. 

3. Adjust reel shaft. 

4. Adjust reel slats. 

5. Replace broken slats or arms. 

6. Paint all reel parts. 
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Part V. — Binding Attachment 

1. Test knotter. 

2. Replace worn cams or gears. 

3. Adjust needle pitman. 

4. Tighten packer bearings. 

5. Sharpen twine knife. 

Part VL — Miscellaneous 

1. Test action of all levers. 

2. Adjust tension of bundle-carrier spring. 

3. Lubricate all chains. 

4. Paint platform. 

5. Oil all bearings. 

6. Grease or oil axles of tongue truck. 

7. Inspect grain-wheel bearings. 

Description of Operations. 

Part /. — Main Wheel and Countershaft 

1. Test the main wheel to see that it is square with the 
frame. The raising pinions on each side of the main wheel 
should be entered equally into the side brackets of the frame. 
Each raising pinion has one marked tooth. This is to aid in 
getting the pinions properly entered into the teeth of the side 
brackets (Fig. 154). 

2. Jack up the main frame and test the bearings on the 
inain-whec'l axle. (These are large rolh'r bearings and seldom 
wear out.) Lubricate them well through the oil holes. 

3. Examine the main-wheel sprocket and main chain for 
wear. 


{a) Is the main chain assembled in the proper manner? 
(See Fig. 164.) 

4. Test the main-wheel raising device and see that it works 
freely. Frequently the cotter pins used to attach the raising 
worm to the raising crank are not properly spread and prevent 
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the worm from turning. Lubricate these parts well with a 
hand oiler. 

5. Check the alignment of the clutch sprocket and the main- 
wheel sprocket. Difficulty in keeping the main chain on is 
sometimes experienced because these sprockets are out of 
line. 

Replace the clutch sprocket if it is badly worn. 

6. Engage the clutch and test the tension of the clutch 
spring. Both the clutch and clutch sprocket should be replaced 
if the notches are worn. 

7. Test the bearings of the countershaft. These are roller 
bearings and are easily replaced if necessary. 

8. Adjust the countershaft to take up the wear between 
the bevel gear and the bevel pinion. To accomplish this it 
is necessary to force the countershaft outward by means of the 
adjustment shown in Fig. 150, B, It is also well to force 
the bevel pinion forward by putting a washer between the crank- 
shaft bearing and the bevel pinion. 

9. Clean out the oil holes of the countershaft bearings and 
main-wheel bearings. Lubricate these bearings thoroughly. 

Part //. — E levator Rollers, Canvases 

1. Remove all canvases. Examine the leather straps and 
replace any that are worn or broken. Inspect the canvas slats 
and see that the canvas is securely tacked to each slat. 

2. Turn each roller in its bearings. See that all the rollers 
turn easily. Replace any worn bearings. Clean out all oil 
holes that lead to the bearings of the rollers and lubricate them 
well. 

3. Square up the elevators. This may be done by testing 
with a carpenter’s square or by measuring with a stick between 
diagonally opposite corners. The distance between each pair 
of diagonally opposite corners should be equal (Fig. ^181). 

The elevator brace rods may be shortened or lengthened to 
make these measurements equal. 
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4. Examine the elevator chain or apron chain. See that 
it is put on properly. Replace any sprockets that are worn. 
Check the alignment of all the sprockets over which the apron 



chain runs. Clean out all the oil holes in the sprocket bearings 
and lubricate them thoroughly. 


Part III. — Cutter Bar, Sickle, Pitman 

For this problem the same procedure may be followed as for 
mowers. The repair work to be done on these parts is so similar 
to that necessary on mowers that the same outline will be satis- 
factory, with the following exceptions: 
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(a) Binders have no means of aligning the cutter bar. 

(b) No provision is made for registering the sickle. 

(c) Binder-sickle sections are not resharpened, but must 

be replaced when worn. 

Part IV. — Reel 

Binders with no outside reel support usually have an adjust- 
ment on the reel frame to raise the outer end of the reel shaft 
into place. 

1. Examine the sprockets, gears, and chains that drive the 
reel. See that all are in proper alignment. Replace any 
worn parts. Be sure that the reel-driving chains are put on 
properly (Fig. 164). 

2. Test the bearings of the reel shaft in the reel frame. 
These bearings are removable. 

3. Adjust the reel shaft so that it hangs level. The outside 
end of the reel on used binders tends to sag down. Where 
outside reel supports are used, the outer end may be raised 
into position by shortening the chain attached to the outside bar. 

4. Disconnect the reel-driving chain. Revolve the reel and 
make sure that none of the reel slats strike the inside or the out- 
side divider. The inner ends of the reel slats should come to 
a position over the cutter bar, slightly before the outer ends. 

5. Replace cracked or broken slats or arms. 

6. Paint all wooden parts of the reel and the reel shaft. 

Part V. — Binding Attachment 

1. Tie several knots with the binder attachment to deter- 
mine if all parts are working properly. To do tliis, refer to the 
directions in Laboratory Study No. 14, page 242. 

Failure to tie properly may be caused by several things. 
The most common troubles are as follows: 

(а) Knotter spring (Fig. 171, e) too tight. 

(б) Knotter spring too loose. 

(c) Twine-holding disk too tight. Adjust by the set 
screw (Fig. 171, g). 
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(d) Twine -holding disk too loose. Adjust with set 

screw (Fig. 171, gr). 

(e) Needle bent or out of adjustment so that it does not 

place the twine in the disk properly. 

(/) Twine tension (Fig. 179, e) too loose. 

(jg) Twine tension too tight. 

The following instructions arc reprinted from the instruction 
book of the International Harvester Co. and refer to the 
McCormick-Decring grain binder: 

“1. Keep roller tension tight (not too tight). 

2. Do not try to regulate size or tightness of bundles with 
the tension on the twine or by adjuvsting the knotter spring. 

3. If the bundle is thrown out not tied, find the reason in 
the following three causes. 

(a) Twine-holding disk may be too loose, which allows 
the twine to slip out while knotter hook is making 
revolutions. 

(h) Twine-holding disk may be so tight the twine cannot 
slip through disk. This will break the twine. 

(r) Needle may not come down far enough to place 
upper twine in disk safely. 

If bundle is thrown out not tied, with twine straight and 
no knot in it, the knotter spring is too loose, and may be ad- 
justed. 

Do tliis carefully, as the average operator will usually give 
the set screw a full turn each time he attempts an adjustment, 
and this is frecjuently the cause of failure to correct the trouble. 
Give the set screws a (quarter of a turn each time a change is 
made. If the trouble is not overcome by adjusting in one 
direction, be sure and change the screw back to its original 
position. Then try adjusting in the opposite direction. 

Don’t make spring too tight on knotter or it will break the 
twine. 

Needle is set at exactly the right point before binder leaves 
the factory and must not be changed. Binder works best 
when just enough tension is kept on twine to prevent it from 
getting slack. 

2. Examine all working parts of the binder attachment 
and replace badly worn cams or gears. 
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Note. — Wherever two gears mesh together on the binding 
attachment, timing marks are provided on the teeth, for con- 
venience when reassembling these gears. If such marks cannot 
be found, make punch marks on the gears before taking them 
apart. They must be assembled in the proper relation. 

3. Lengthen the needle pitman if necessary (Fig. 173, B). In 

old binders it is often necessary to make the stroke of the needle 
longer in order that the needle may carry the twine to the 
twine-holding disk properly. ^ 

4. Tighten the bearings of the packers. These are usually 
made in halves. One half may be removed and filed down. 
This will allow the bearing to be drawn closer together. 

5. Remove the twine knife and sharpen it with an oil stone. 
If it is badly worn, replace it with a new one. 

6. Remove and clean the twine tension (l^'ig. 179, e). Fre- 
quently matter becomes wedged into the moving parts of this 
tension, so as to prevent its proper operation. 

Part VI. — Miscellaneous 

1. Test all the levers to see that they operate freely. Exam- 
ine the lever detents and replace any that are worn. 

2. Operate the bundle-carrier trip lover. Adjust the ten- 
sion of the bundle-carrier return spring so that the carrier 
returns to its normal position quickly. 

3. Oil all the chains used on the binder by brushing them 
with an old paint brush dipped in oil. 

4. Paint the sheet-iron bottom of the platform to prevent 
rusting. 

5. Oil all the bearings and moving parts of the entire 
machine before storing it away. 

6. Remove tongue-truck wheels and examine the axles. 
Grease or oil these. 

7. Remove the grain wheel and wash the roller bearing clean. 
Clean out the oil tube in the grain wheel which leads to this 
bearing. Replace roller bearing and grain wheel. Lubricate 
thoroughly. 
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LABORATORY STUDY NO. 16 

TO LUBRICATE ALL PARTS OF A GRAIN BINDER 

Equipment Necessary. — Complete grain binder; supply of 
a good grade of machine oil; sharp-pointed wire for cleaning 
out oil holes. 

Procedure. 

1 . Locate all parts on both wheels that require oil (or grease) . 

(a) Oil each part. 

(b) List each part oiled. 

(c) How many places are there to oil on the wheels? 

2. Locate all places on the elevator rollers that require oil. 

(a) Oil each part. 

(b) List each part oiled. 

(o) How many places to oil on the elevators? 

3. Locate all places requiring oil on the binding attachment. 

(a) Oil each part. 

Note. — Remove the center section of the deck to oil packer 
cranks, etc. 

(5) List each part oiled. 

(c) How many places to oil on the binding attachment? 

4. Locate all places to oil on countershaft, crankshaft, pit- 
man, and sickle. 

(a) Oil each part. 

(6) List each part, oiled. 

(c) How many places to oil? 

5. Locate all places to oil on platform (not including sickle). 

(а) Oil each part. 

(б) Name each part oiled. 

(c) How may placed to oil on the platform? 
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6. Locate all places to oil on reel. 

(a) Oil each place, 

(b) Name each place lubricated. 

(c) How many places to oil on the reel? 

7. Locate all places to oil on adjuster. 

(a) Oil each place. 

(b) Name each place lubricated. 

(c) How many places to oil on the adjuster? 


8. How many places to oil on the entire binder? 

9. Which of these need oil very often? 
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Job No. 26 

TO OPERATE A GRAIN BINDER 

Operations Necessary to Perform the Job. 

1. Put twiuo in twine can and thread needle. 

2. Lubricate all parts. 

3. Operate binder idle for a few minutes. 

4. Start cutting at one edj;e of field and continue around field. 

5. Resulat(; height of cut. 

6. Adjust reel levers. 

7. Drop bundles at regular intervals. 

8. Regulate adjuster lever. 

0. Adjust binder-shifting lever. 

10. Keep canvases at proper tension. 

11. Adjust deck windboard. 

12. Adjust platform deck. 

13. Adjust back curtain. 

14. Regulate size and tightness of bundles. 

Description of Operations. 

1. Tie the outside of one ball of twine to the inside of another 
and put both balls in the twine can. The twine should feed 
out from the inside of the top ball. Thread the needle as 
instructed on page 242. 

2. Lubricate all parts of the machine as described on page 

252. 

3. Before entering the grain it is well to put the binder in 
gear and run it idle for a few minutes. This gives the operator 
a chance to see that all parts are working proj^erly. This prac- 
tice is especially desirable with a new machine. With a new 
machine, kerosene should be used as a lubricant for the first 
few minutes while the machine is running idle. This cuts the 
paint and loosens up the new bearings better and more quickly 
than oil. 

After the new machine has been run idle for a few minutes 
with kerosene as a lubricant, stop and oil all bearings and work- 
ing parts carefully. 
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Caution . — Always throw the binder out of gear when work- 
ing on it while the horses or tractor is attached to it. 

A good grade of oil should be used. The bintler has many 
rapidly moving parts that will heat and wear out quickly if not 
well lubricated with good oil. 

4. Binders are driven around the field, not back and forth 
across the field like the plow or cultivator. The work is started 
at one corner of the field, and the binder is driven clear around. 
Each succeeding swath is nearer the center of ih(‘ field. 

Some difficulty is experienced by beginiuTs at ihi) corners of 
the field. The swath cut must be kept full width at the corners. 
Otherwise a long, pointed strip (an acute angle) of uncut grain 
will be left at the corners. This makes turning very difficult. 

If the field is fenced, the horses or trad or must he driven 
through the standing grain when the first swath a.ound the 
field is cut. The grain that is thus left standing may b(‘ cut by 
running the binder around the field in the oppos-ite dir(‘ction. 
Unless the grain is over-ripe, vc'ry little will be lost by the 
horses or tractor passing over it while cutting the first swath. 

5. The position of the raising cranks (on main wheel and 
grain wheel) determines the height, of the j)latform above the 
ground. This distance may be r(*gulated by the raising cranks 
so that the straw may be cut at any lengt h desired. 

For cutting short grain it is not advisable to lower the plat- 
form too much. It is Ixitter to tilt the guards downward. 

The tilting lever (P'ig. 1()7, e) should l>e set so that the cutter 
bar is nearly level. A slight tilt downward is desirable, where 
there are no obstructions in the field. 

When the grain is badly lodged or tangled, the guards may 
be tilted down until thc^y are close to the ground. This is also 
advisable for cutting short grain. 

6. The reel should be adjusted by means of the reel-lifting 
and reel-tilting levers so that the reel fans strike the grain just 
below the heads. The reel should be set far enough back so that 
the cut grain is placed well on the platform. If it is set too far 
back the grain will be thrown over the rear of the platform . 
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The reel fans should not leave the grain until after it is cut. 
An important function of the reel fans is to hold the grain 
against the sickle while it is being cut. 

7. Drop the bundles at equal intervals by operating the 
foot dumping lever. 

The distance between “ dumps/^ or windrows, will vary 
according to the grain. In heavy grain the bundles must be 
dumped more frequently than in light grain, consequently the 
windrows are nearer together in heavy grain. Bundle carriers 
are large enough to carry six or seven bundles easily. The 
first time around the field, the bundle carrier is dumped each 
time it is full. It must be dumped at the same place during 
each succeeding round. 

8. The adjuster lever must be set so as to shape the butts 
of the bundles properly. Under ordinary conditions the adjus- 
ter should be set as far toward the front of the binder as possi- 
ble, In short grain it is necessary to jmll the adjuster toward 
the rear of the binder. This is done with the long rod, or 
adjuster lever, near the driver’s seat. Moving the adjuster 
rearward causes it to push the cut grain also toward the back 
of the binder deck. This will result in the bundle being tied 
near the middle, which is always desira])le. 

9. The binder-shifting lev(‘r shifts the binding attachment 
backward or forward. It should be set so that tlu^ bundle is 
tied in the center. 

10. The canvases should be kept just tight enough to prevent 
their slipping when loaded with grain. Jf they are too tight, 
unnecessary friction and wear is caustnl. 

11. The windboard at the rear of the binder deck may be 
folded and locked into the position shown in Fig. 15d. 
This leaves more open si)ace on the deck, which is often desir- 
able whim cutting long straw. 

12. The wooden platform deck is hinged to the rear of the 
platform. For short grain it should be raised to a vertical 
position. For long grain it should be lowered to the horizontal 
position, in which it forms an extension to the platform. 
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13. The cloth curtain, or wind break, at the rear of the 
platform may be swung forward or backward as required, to 
protect the grain on the platform from wind and to prevent its 
being carried over the rear of the platform. 

14. The size of the bundles is regulated by the trip hook (Fig. 
170, b). Moving the trip hook in makes the bundles smaller, 
moving it out makes them larger. Several bolt holes are pro- 
vided at this point so that a considerable range of adjustment is 
possible. Small bundles are desirable for heavy, green, or 
tangled straw. Large bundles may be made if the straw is 
straight and dry. 

The tightness of the bundle is regulated by the compression 
spring (Fig. 173, D) or by the trii>stop spring (Fig. 173). In- 
creasing the tension gives a tighter bundle. Tight bundles are 
desirable for clean, dry straw, and loose bundles for tangled, 
green, or heavy straw. 

FIELD TROUBLES 

drain binders give very little trouble when properly adjusted. 
They accomplish in a dependable inanrKT a difficult and com- 
plex operation. 

It is not practical to operate the binder when the straw is 
very wet, while the dew is heavy, or during a rain. Under such 
conditions much trouble is experienced with slii)ping canvases 
and with the straw winding up on the rollers. 

Over-ripe grain also presents a difficult condition, as the 
action of the packers and discharge arms thresh(\s out much of 
the grain, which is lost. The cut ting must be done at the proper 
time for best results. Dry straw cuts easily and is handled 
without trouble by the various parts of the bind(T. 

Some of the troubles that may occur in th(‘ field are given 
below, with the causes of each and the remedy for it. 

1. Bundles Missed (not Tied). 

Note . — Do not stop the binder b(‘caus(^ an occasional bundle 
is missed. If any real trouble exists, bundl(\s will be missed 
frequently. 
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(a) Twine disk too loose (or too tight). 

Remedy . — Adjust to proper tension. 

{h) Twine tension too loose, or too tight, or tension rollers 
stuck. 

Remedy , — Adjust to proper tension; oil tension rollers. 

(c) Knotter hook too tight or too loose. 

Remedy , — Adjust to proper tension. 

Note , — Directions for making these adjustments were given 
on page 250. 

{d) Twine knife too dull. 

Remedy. — Remove and sharpen the knife or replace it 
with a new one. 

(c) Needle bent or out of adjustment. 

Remedy. — Straighten and adjust so that it places the twine 
in the twine-liolding disk properly. Thcj forward stroke of the 
needle must be sufficient to carry the twine into the disk. 
Keep the point of the needle sharp. The i)oint should project 
slightly above the deck, when it is not in motion. 

2. Bundles too Loose or too Tight. 

Remedy , — Loosen the compressor spring to make looser 
bundles. Tighten it to make the bundles tighter. 

3. Bundles too Large or too Small. 

Remedy . — Move trip hook in for small bundles, out for 
largo bundles. 

4. Discharge Arms Continue to Revolve. — (They should 
revolve only when necessary to discharge the bundle.) 

This is caused by the failure of the trip stop to engage prop- 
erly with the driving dog opposite it. This failure may be due 
to some part sticking owing to lack of lubrication. It is usually 
caused by a worn trip stop or driving dog or a weak compressor 
spring (Fig. 173). 

Remedy , — Replace worn parts. 

6. Chains Come off Frequently. — The straw may be too wet. 
In tliis case it will wind around sprockets and rollers and force 
the chain off. Worn chain links, sprockets that are out of line, 
or chains that an' too loose may account for the trouble. 
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Remedy . — Align sprockets and assemble chain properly, 
replacing it with new chain if necessary. 

6. Canvases Slip or Stop. — The causes of this trouble are 
loose canvases or sticking rollers. 

Remedy.— Tightan the canvases, lubricate and loosen the 
bearings of the rollers. Determine if the rollers are sejuare 
with the elevators. 

7. Bundles Drag on Bundle Carrier.— This is often caused 
by the foot lever and the rod which oi)erates (he bundle carrier 
being bent out of adjustment. The aclioii of the foot lever 
should swing the bundle-carrier fingers back (or down) far 
enough to make the bundles slide off. 

Remedy . — Adjust the rods between (he bundle carrier and 
the foot lever, so as to give more backward (or downward) 
movement to the fingers of the carrier. 

8. Bundle Carrier Does not Return Properly.— Tlu' cause 
is a weak return spring, which must bo tighteiu'd or, if iK'cessary, 
replaced with a new one. 

9. Main Wheel Slips. — All binder parts stop. This may be 
caused by wet or slippery ground. Thider such conditions the 
main wheel has no grip or traction. 

Tight bearings, very heavy grain, bent shafts, or a com- 
pressor spring that is too tight may also cause the trouble. 
Broken chain links, chains that are too tight, or chains climbing 
up on the teeth of the sprockets may throw an additional load 
on to the binder which will cause the main wheel to slip. 

Remedy.— SciCi that all chains and sprockets an; properly 
adjusted. Test all moving parts to locate the cause of excessive 
draft. 
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MANURE SPREADERS 

The problem of distributing fertilizer is now met with in prac- 
tically all parts of the United States. The number of machines 
used for the purpose has increased rapidly during the past dec- 
ade. Modern machinery m(;ets this problem well : distribution is 
rapid and uniform; the amount per acre may be accurately con- 
trolled; and the fertilizer is pulverized well while being dis- 
tributed, thus being made quickly available. Machines are 
employed for spreading lime and distributing commercial fer- 
tilizer. The manure spreader, however, is now a standard 
part of the farm equipment. On many farms it is used more 
frequently than any other farm machine; hence, it will be 
discussed at length here. 

The manure spreader is widely used. The quality of the 
work accomplished by this machine is so far superior to hand 
work, and so much more economical, that the manure spreader 
is commonly found on American farms. 

The manure spreader should pulverize thoroughly and 
spread a uniform layer of the desired thickness. Bunching and 
lumps must be eliminated, and the desired rate of distribution 
must be maintained whether the machine is moving uphill or 
down. 

Adjustments are necessary to provide for a light top dressing 
as well as for a heavy application to be plowed under. Most 
manure spreaders can be adjusted to distribute from about 
G to 20 loads per acre. 

Sizes. — The size is expressed in bushels. The size most 
widely used holds about 60 bushels of manure. Such a machine 

2G0 
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is considered a load for two horses. Machines with a capacity 
of from 70 to 75 bushels are also manufactured. These usually 
require three horses. Either size is easily operated by a small 
fann tractor. They may be equipped with a stub pole for tractor 
operation. 


CONSTRUCTION AND PRINCIPAL PARTS 

1. Frame (Fig. 182). — The frame extends through the 
entire length of the machine. It is subjected to heavy strains 
and must be strongly built and well braced. The outer sills are 



Courtesy of internatwteal Harvester Co, 


Fio. 182. — Manure sprcadcT frame and wheels. 

made of steel. The cross sills may be of woocl or steel. Diag- 
onal braces are used to maintain the alignment of the main 
sills. Misalignment, sagging, or twisting would cause binding 
of the working parts, heavy draft, and frequent breakage of 
the driving mechanisms. 

The frame is the central i)art of the machine, and on it many 
other parts depend: 

(a) The front truck is connected to the front end of the 
frame (Fig. 182, h). 
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(6) The rear axle and wheels are attached to the rear end of 
the frame (Fig. 182, a). 

(c) The frame supports the box, which holds the load, and 
the conveyor or apron, which moves the load. 

2. Conveyor, or Apron. — The conveyor, or apron, carries the 

load slowly backward 
and delivers it gradually 
to the revolving beaters. 
An apron of the simple 
conveyor type has of 
late years become the 
standard. This type is 
shown in Fig. 183. It 
is made up of angle- 
steel slats which are 
connected at the outer 
ends to stool chain links. 
This apron, or chain of 
slats, is driven by a 
shaft near the rear of 
the spreader. Grease 
cups or some other 
means of lubrication arci 
always provided on this drive shaft (Fig. 183). A sprocket is 
carried on either end of this shaft, to engage with and drive the 
apron chain. The front apron shaft is not a driving shaft. 

One method of regulating the tension of the conveyor, or 
apron, is by means of the adjusting screws at each side of the 
front apron shaft (Fig. 18S). 

3. Conveyor or Apron Driving Device. — I^igure 184 shows 
one type of apron drive. The large ratchet wheel (C) is keyed to 
the outer end of the conveyor drive shaft. A rocker arm (G) is 
also mounted over the end of the conveyor left. A pawl is 
secured to the rocker arm. The rocker arm is depressed by the 
large, four-point cam on the rear axle. It is returned by the 
large coil spring (F). 



Courtesy of Massey-Hams Harvester Co., Inc. 


Fia. 183. — Interior view of spreader box 
showing conveyor or apron. 
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The motion of this rocker arm causes the feed pawl to 
engage with the teeth on the ratchet wheel (C) and drive it. 
An adjustable feed stop (D) regulates the number of teeth 
engaged by the feed pawl. In this way the speed of the con- 
veyor shaft is regulated. The setting of this feed stop, there- 
fore, determines the rate of distribution or the number of loads 



Cowtesy of Deere Co. 

Fig. 181. — One typo of aj)roii-drivinp; dovico. 


per acre. The position of the feed stop may be regulated from 
the seat by means of the long rod {A). 

Another type of conveyor drive is shown in Fig. 185. Here 
the power for driving the conveyor is taken from the rear 
axle by an eccentric. The motion of this eccentric is carried 
through the rocker arm (5) and the rods (e) to the feed 
pawls which drive the large ratchet wheel. The ratchet wheel 
is keyed fast to the conveyor drive shaft {d). The stroke of the 
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rockor arm is rep:ulated by means of the feed rod (c) which is 
moved by a lever at the front of the spreader. The length of 
the stroke of the rocker arm determines the number of teeth 
engaged by the feed pawls. This accordingly controls the rate 
of distribution. 

4. Rear Axle (h"ig. 18()). — The rear axle supports most of the 
weight of the machine. It is a driving axle or ‘‘ live axle ” and 
furnishes the driving power for all the working parts. The 



placement of the rear axle varies on diffen^nt t>'})es of spreaders. 
In some it is placed above the main franu^, and in others below. 
Thus the weight of the frame and the load is either carried 
above or suspc'uded from the rear axle. The rear whecds drive 
the main axle by means of i)awls and ratchet ts. The construc- 
tion and iUftion of i)awls and ratch(‘ts are discussed in Chap- 
ter III, on page 112, and are illustrated in Fig. 81. Power 
for driving the b(‘ater is secured from a large sprocket, which is 
keyed to the main axle (Fig. 180). 
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6. Beaters (Fig. 186). — Spreaders are now commonly 
equipped with two beaters, as shown in Fig. 186. The horizontal 
bars of the beater are made of steel. The tc^eth are usually 
riveted into the bars. 

Both beaters have the same direction of rotation. The 
upper or smaller one pulverizes and discharges the upper part 
of the load. The lower and larger beat('r handles the main 
part of the load. The upi)er beater makes about nine revolu- 



Fiu. 18(i. —Beaters and beat(‘r tlrive f;hain. 


tions to one of the main wheels. The lower bc^ater turns at the 
rate of about six to one. 

B(‘,aters should bc^ well support'd at both ends by large, 
(^asily lubricated bc'arings. The ])ressuro of th(i load against 
the beaters and the work of pulverizing is heavy. Strong con- 
struction, adequate bracing, and good Ixiarings are essential 
in beater construct ion. Some machines are now being equipped 
with roller bearings. This is an excellent practice. 

6. Beater Drive (Fig. 186). — The boaters are usually chain 
driven. The power is taken from a large drive sprocket keyed 
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fast to the rear axle. Tins sprocket also carries the main drive 
pawls. When the spreader is in action a large chain (9) is low- 
ered onto the drive sprocket as indicated in Fig. 186. This 
chain is raised from the sprocket when the load has been dis- 
tributed. Sprockets are mounted on each beater shaft (Fig. 
186, 7 and 186, 5). The drive chain passes over these sprockets 
and under an idki sprocket or chain tightener (8). An angle 



Fig. 187. — Front ciidgatc und convoyor tightener. 


cross tie (1) is used to maintain proper alignment and spacing 
of the beater shafts. 

7. Box (Fig. 183). — The spreader box holds the load of 
manure. It is made up of the following parts: 

(rt) bottom; 

(6) sideboards; 

(r) front eridgab^; 

(d) rear endgate (not used on all makes). 

The bottom of the box in the late type of machines is tight. 
It is constructed of wood. Matched flooring material, such as 
yellow pine, is frequently used. This construction prevents 
loss in distributing liquid manure. It also prevents material 
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from falling through and collecting on the under side of the 
apron, as frequently happened in the open-bottom type of 
spreader. 

The front en^gate slants forward as shown in Fig. 187, 
making it possible 
to heap up the load 
in front. When the 
load is carried 
backward by the 
conveyor, the top 
of the heap will fall 
forward against the 
slanting end gate 
and thus be leveled 
out. The location 
of one of the front 

conveyor sprockets and apron tightener is shown in Fig. 187, 1 . 
Another typci of apron tightener is shown in Fig. 188, A, 



Courtesy of Massey- Harris Harvester Co., Inc. 

Fjo. 188. — Conveyor or apron tightener. 



d V 


Courtesy of Knutson Hrantmyham Implement Co. 

Fig. 189. — Connection of sideboards to frame. 


The sideboards are bolted to th(; main sills with irons such as 
those shown in Fig. 189, 2. Knee braces (2) are used for adjust- 
ing the sideboards. Threads on these braces make it possible 






Fig. 190 .-Rear endgate. 
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Fig. 191. — Front truck. 
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to bow in the sideboards a trifle at the center. This tends to 
loosen the load when it reaches the beater, and prevents binding. 

One make of spreader is furnished with a rear cndgate. 
Figure 190, B, shows the endgate lowered, ready for loading. 
Figure 190, A, shows it raised or in position of unloading. The 
rear endgate is especially us(}ful when distributing wet manure. 
It prevents loss on the way to the field. 

An inside view of the box is shown in P^ig. 183. The box is 
narrower in the front than in the rear. This fact causes the 
load to loosen as it moves backward, thus lessening the strain 
on the beaters. Note the cross tie used to strengthen the rear 
of the box in P"ig. 183. 

8. Front Truck (Fig. 191). — The conditions under which 
manure spreaders are used reciuire a front truck of careful 
design and sturdy construction. Short turning is necessary, as 
the machine must often be loaded from barnyard corners that 
are difficult of acc(?ss. (bmplcte covering of the corners of 
fields also requires short, square turns. The machine is oftem 
used on frozen fields and on rough ground, as when driving 
across corn rows. The strain on the whole machine, and especi- 
ally on the front truck, is severe. 

The automobile type of front truck is used on practically 
all makes of spreaders. This construction recpiires a fixed front 
axle, with short pivotal axles or steering knuckles projecting 
from it. The wheels are mounted on the short juvotal axles. 
A truck of this type facilitates steering, makes short turning 
possible, and eliminates “ whipping ” or jerldng of the pole on 
rough ground. 

The principal parts of a typical front truck may be seen in 
Pdg. 191. A fixed steel axle is combined with the front bolster. 
This extends across the entire width of the machine. The 
pivotal parts of this assembly, which correspond to the steering 
knuckles in an automobile, are shaped as shown in Fig. 191. 
They are mounted vertically in suitable bearings at each end of 
the front bolster or fixed axle. The horizontal part of the 
pivotal axle carries the front wheels. Projecting from each 
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pivotal axle is a short, flat bar or steering arm. Each steering 
arm is connected by an adjustable drag link to the bracket 
through which the pole passes. The roar of the pole is attached 
with a pivotal connection to the center of the front axle. 

When the pole swings to one side in making a turn, the drag 
links move both wheels in the same direction. As the pivotal 
axle is close to the hub of the wheel, turning is easily accom- 
plished. 

The front wheels are made of steel. The tires vary from 
to 5^ ins. in width and from 20 to 30 ins. in height. The 



Courtesy of Eniersou Brantinuharn 1 mpU ment Co. 


Fia. 192. — One type of wide-spread device. 

wheels are ndained on the axles by collars which may be 
adjusted to take up wear. 

9. Rear Wheels (Fig. 191). — The rear wheels are also made 
of steel. They vary in height from 40 to 44 ins. on the various 
makes of spreaders. The width of the tires is from 4 to 0 ins. 
The rear wheels are equipped with angle lugs to secure good 
traction. 

The rear wheels drive the rear axle by means of pawls and 
ratchets. The pawl holder is keyed or pinned to the rear axle. 
The ratchet, with the teeth which engage the pawls, is frequently 
cast into the hub of the wheel. When the machine is moving 
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forward the rear wheels drive the main axle. When it is backed 
up, however, the ratchet or teeth in the hub of the wheels slip 
over the pawls and do not drive the axle. This action is dis- 
cussed on page 112, Chapter III (sec Fig. 81). 

10. Wide-spread Device (Figs. 192 and 193). — It is desira- 
able to have the manure spread wider than the tread of the 
wheels. In other words, a spn^adcir G ft. wide should distribute 
the manure over a st,rip from 7 to 8 ft. in width. This makes 
it unnecessary to lap ov('r the preceding round with the spreader 
wheels, and lessens packing of the wsoil on wet fields. 

The wide-spread device is in the nature of a third beater. 
Figure 192 shows oiu* type of wide-spread mechanism. It is 
composed of a s(*ri(\s of lieavy steel blades, spirally arranged 

about a central 

Couritsy of Deere il' Co tOWaid tllO Icft 

^ . and throw toward 

the left; the other 

half are inclined toward the right and throw toward the right. 
This widens out the sjiread without skimping the center. The 
wide-spread device is bolted to tlu^ rear of the frame as shown 
in Fig. 192, J . It is driven by the chain (d) from the sprocket 
(^) which is mounted on the end of the beater shaft. An idler 
pulley (4) is provided for adjusting the tension of the chain. 

Figure 193 shows another type of wide-spread distributor. 


Courtesy of Deere tS: Co 
-Another type of wide-s^preiul device. 
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This is in the form of a 
spiral beater. One-half 
of the spiral is inclined 
to the right, and one-half 
to the left. In this way 
the width of spread is 
increased. 

11. Levers (Fig. 194). 
— Two levers are usually 
provided on spreaders. 
One is the feed lever, 
which regulates the rate 
o f distribution. The 
other is the throw-out 
lever, which controls the 
beaters. 

These levers are usu- 
ally placed near the s(‘at. 
The setting of the feed 
lever determines tlu^ 
number of teeth on the 
ratchet whc'ol to be en- 
gaged by the feed pawl. 
Moving the throwout 
lever raises or lowers tlr' 
main drive chain shown 
in Fig. 186, (K 

12. Stub Pole, or 
Tractor Hitch.- A long 
pole and a two-horse or 
three-horse evencu- is the 
standard eciuijniient for a 
manure spreader. The 
only change necessary, 
however, to opc'rate the 
machine with a tractor. 



Fig. 194. — ^Standard tyj^e of manure spreader. 
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is to put in a short, stub pole. A stub pole, or tractor 
hitch, of this type is usually designed so that it may be 
adjusted to suit the height of the tractor draw bar. 

13. Brake (Fig. 195). — A brake may be procured on some 
makes of spreaders. It is very desirable in hilly sections and 
makes it easy to fertilize fields that would otherwise be very 



difficult. Reference to Fig. 195 will show how the brake is 
installed. A friction wheel is attached to the main axle, and 
friction band is placed over this wheel. The band (Fig. 195, 
c) is operated by the rod (/) and the connection (6). These 
brake-operating parts are bolted to the main frame by means 
of the bracket (a). 
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Job No. 27 

TO REPAIR A MANURE SPREADER 

Operations Necessary to Perform the Job. 

1. Replace main-drive pawls and springs in the rear wheels. 

2. Replace feed pawls and springs if necessary. Examine 

ratchet wheel and all parts of conve^^or drive. 

3. Inspect and clean out bearings of conveyor drive shaft and 

front conveyor shaft. 

4. Inspect bearings of beaters and wide-spread device. Clean, 

lubricate, and tighten all these bearings. Replace any 
that arc badly worn. 

5. Straighten beater teeth. 

6. Remove, clean, and oil Ijeater drive chain. 

7. Inspect conveyor chain, tighten slat conneclions, and replace 

any worn links. 

8. Repair and adjust front truck. 

9. Lubricate all parts thoroughly. 

10. Paint Jind reasseinl)le all parts. 

Description of Operations. 

1. Jack up th(' rear end of the spreader until the wlieels are 
off the floor. Place wooden blocks under the rear sills. Re- 
move the rear wheels so as to get at the main drive pawls. 
Examine these pawls carefully. If the driving edges have worn 
down to a round edge, replace them with new ones. Worn 
pawls or broken or weak pawl springs cause much trouble. 
Test the tension of all the pawl springs. If any are w'cak, 
replace them. 

2. While the rear wlK'els are off it is easy to get at the con- 
veyor driving parts. ICxamine the feed pawls. It is usually 
advisable to replace these parts. Test the tension of the feed- 
pawl springs. Replace them if necessary. Clean out all the 
teeth on the ratchet wheel and wash it off with kerosene. 

3. Inspect the bearings of the conveyor or drive shaft. 
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Clean off any dried grease or other accumulation. Replace 
the bearings if necessary. Make sure that the grease tubes 
leading to these b(‘arings are open. Examine the bearings of 
the front conveyor shaft or sprockets. ( 'lean out the oil holes. 

4. Examine carefully all the bearings on the beater shafts 
and wide-spread device. Clean them out thoroughly. Kero- 
sene may be used for cleaning them out. Usually the ends of 
the beater shafts will be found wrapped with straw. 

5. Beater teeth become bent and loosened. They must 
be straightened out and riveted tightly into the beater bar. 

6. Remove the beater drive chain. Wash it out thoroughly 
by immersing it in kerosene. Replace badly worn links. Then 
immerse the whole chain in oil. Used crank-case oil from tract- 
ors or automobiles is suitable for this purpose. 

7. Inspect the links of the conveyor chain and replace worn 
links. Tighten any loose connections between the conveyor 
slats and the conveyor chain. Adjust the tension of the apron. 
Straighten tlu^ conveyor slats. 

8. Jack up tJie front end of the sj^readcr until the front wheels 
clear the ground. Remove the front wheels and examine the 
pivotal axles. These are likely to show considerable wear, 
particularly if they have not Ix^en well lubricated. Replace the 
pivotal axles if necessary. Tighten the bearings of the pivotal 
axles in the front bolster. Adjust the drag links so that the 
wheels toe in slightly at front. 

9. Lubricate' all parts thoroughly. The principal places to 
lubricate are as follows: 

(«) front wheels; 

(b) front conv(\yor-shaft bearings; 

(c) lower l)eat('r bearings; 

(d) upper beater bearings; 

(e) wdde-spread device; 

(/) conveyor drive-shaft bearings; 

(^) rocker arm for convcA'or feed ; 

{h) idler sprocket bearing for beater chain. 
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Where grease cups or fittings are provided, use a good grade 
of cup grease. If oil holes are used or fittings for the use of oil 
are provided, use a good grade* of machine oil, Iwing sure that it 
is fluid enough to flow freecly in cold weather. 

10. Painting is very desirable, particularly for the wooden 
parts of the spreader box. The pole also should be painted or 
given a coat of linseed oil. Metal parts should be painted to 
prevent rusting. 

11. lleasseunble all f)arts and, while' the machine is still 
jacked up, set both levers in working position. Turn the rear 
wheels and see that all working parts move frcM'ly. 
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Job No. 28 

TO OPERATE A MANURE SPREADER 

Operations Necessary to Perform the Job. 

1. Lubricate machine thoroughly. 

2. Place feed lever and throw-out lever in “ neutral ” or ** off ” 

position. 

3. Load spreader. 

4. Drive to field. 

5. Lower drive chain on to beater or driving sprocket. 

0. Set feed lever. 

7. Start machine steadily, not with a jerk. 

8. Put feed lever in neutral when turning. 

0. Clean out spreader bottom. 

Description of Operations. 

1. Lubricate the machine as described in Job No. 27. 

2. Place the feed lever and throw-out h'ver in neutral. 
This should always be done before beginning to load. If the 
feed lever should be left on, breakage of the conveyor driving 
parts would result. The load Avould b(i forced back against the 
beaters as soon as the machine started. This would cause the 
load to jam against the beaters (which ^vould not b(‘ revolving) 
and breakage would be certain to occur. If roar endgate is used, 
have it in position for loading (Fig. li)0, B). 

3. Begin loading at the front of the machine and progress 
toward the rear. Load until even with the sides and then 
round off or heap up the load in the center. The manure 
should never hang over the sides. Do not have the rear of the 
load packed too tightly. 

4. Before starting to the field, make sure that both levers 
are in neutral. 

5. Stop the machine and lower the beater driving chain on 
to the main sprocket. 
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6. Set the feed lever in the notch that will give the desired 
amount per acre. Usually these notches are numbered. The 
numbers refer to the loads per acre that will be distributed. 

7. Start the machine steadily. It is a heavy load. All the 
working parts must start action immediately and, as a result, 
the load is heavy at the start. 

8. Always put the feed lever in neutral when turning. 

9. (/loan out the spreader bottom after the load has been 
distributed. This may be easily cleaned out by allowing the 
conveyor, or apron, to continue moving for a part of the return 
trip from the field. For this purpose the feed lever may be set 
for the fastest speed, lie sure, however, to set the feed lever 
in neutral before loading up again. 



(CHAPTER IX 


POTATO PLANTERS AND POTATO DIGGERS 
POTATO PLANTERS 

Th(!rc are two principal types of potato planters: the one- 
man planter, which is illustrated in Fig. 196; and th(‘ two-man 
planter (h’ig. 197). The former is the more widely used. 



CouTtvsy of Fred II Untcmaii Co. 
Fkj. 190. — Oiie-irifin potato planter (.sin^;le row). 


This machine is ecpiipped with a mechanical picking device 
which drops the S(>('(1 at regular intervals. In the two-man 
machine the work of si)acing the distance' hetwee'ii seeds is not 
entirely mechanical. One man freejuently has to place the seed 
in the seed carrier buckets by hand. This work requires his 
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entire attention, so that a second man is required to drive the 
machine. It is claimed that the two-man planter is mom 
accurate than the one-man maclune. Tlie limited extent to 
which it is used in potato-growing n'gions, however, would 
seem to demonstrate that the one-man planter is, in general, 
the more satisfactory. 

The potato planter should 0|xjn a furrow of proper depth for 



CouTicHu of Fred II. Bateman Co. 


Fig. 197 . — Two-man potato j)lant(T fsin^lo row). 


the seed; drop the seed to the bottom of this furrow at regular 
intervals, and cover the S(»(^d well. Provision must also be 
made for sowing fertilizer willi th(^ seed where it is required. 

In order to accomplish these things under the many different 
conditions that exist, ci^rtain adjustraiuits are necef^isary. 

It must be possible to regulate the depth of planting, the 
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distance between seeds must be variable, to suit different field 
conditions; the distance between rows must be variable; a 
marker must be provided in order that the operator may plant 
in straight rows; and a fertilizer attachment must be combined 
with the planter. 

Sizes. — Planters are built in both one-row and two-row siz(js. 
The two-row machine accomplishes the work more rapidly. It 





Courtisy of Eureka Mower Co. 


Fig. 198. — (^ne-nian jiotato planter (two row). 

also mak(‘s use of a two-row cultivator more satisfactory, 
and this increase's the rate at which the work of cultivating is 
done. The use of two-row j)lan(ers, two-row cultivators, and 
even two-row diggers is increasing. Probabl}^ within a few 
years, the use of these machines with tractors will become much 
more common in potato-raising districts. 

This discussion will treat of the construction and repair of 
the one-row^, one-man potato planter, as this is the size and 
type iiiost widely used at the present time. The construction 
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of the two-row machine is practically identical with that of the 
one-row planter except that two planting units are provided 
instead of one (Fig. 198). The distance between these units 
may be changed so that the width between rows may be varied. 


CONSTRUCTION AND PRINCIPAL PARTS 

1. Main Frame (Fig. 199, a). — The main frame is usually 
made of heavy angle iron. It forms a support or point of at- 
tachment for all tlie othc^r parts of the i)lanter. 

2. Main Axle (Fig. 199, b ), — The main axle is a straight steel 
shaft about IJ ins. in diameter. It is a drive axle and transmits 



Fig. 199. — Principal parts of the ])ot;ito planter. 


power from the main wheels (Fig. 199, c) to all th(^ working parts 
of the plantc'r. It is hung from the main franui and is provided 
with bearings at either end. 

3. Ratchet and Pawls. — The power of the main wheels is 
transmitted to the main axle by means of a ratcht^t and set of 
pawls in each whef‘l. In th(' planter shown in Fig. 199 the pawl 
holder is pinned to the axle, and the ratchet forms a part of 
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the hub of the wheel. The action of the pawls and ratchet 
has been thoroughly described in the chapters on drills and 
mowers. 

4. Clutch. — The clutch is usually mounted on the main 
axle. The same type of clutch is used as on the grain binder. 
It consists of two parts, a sliding clutch operatc^d by a spring, 
and a clutch sjirocket which is free on the axle. Each of these 
parts carries notches which lock together when the clutch is 
engaged. 

In the plant(^r illustrated, a double clutch sprocket, which 
carries two chains, is used. One of tlu^sc chains drives the 
potato-seed feeding device, and the other drives the fertilizer 
fe(^d. The clutch is opc'rated automatically by the action of a 
control lever. This h^ver (Fig. 199, g) low('rs the furrow openers 
(Figs. 199, (i and e) and covering attachment (Fig. 199,/). The 
setting of the control leaver on the quadrant determines the depth 
of planting. The same movement of the lever that lowers the 
furrow openers also engages the clutch, liaising the furrow 
openers from the ground disengages the clutch. 

5. Seeding Device. (Standard type.) 

{a) //oppertS.— -Th(' potato seed is carried in the hopper 

shown in Fig. 200, c. 
The s('ed flows from 
this hopper to a lower 
hopper or magazine by 
gravit\\ The size of the 
opening between the 
upi)er and lower hoppers 
is usually adjustable. 
A liberal supply of seed 
must be prc'sent in the 
lower magazine. 

{b) Pickers . — Several 
pickers (Fig. 201, ii), 
mountc'd on a central 
shaft, revolve through the lower hopper or magazine. Each 



Fuj. 200. — Cross-section of standard 
t yi)e of seeding inc'chanisin. 
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picker spear (I'ig. 201, d) picks up a piece of seed and carries 
it forward to the rear of the furrow opener (Fig. 200, d). 
At this point a stripper (Fig. 200, e) causes the seed to be 
pushed off the spear. It then drops to the bottom of the 
furrow. 

The distance; between seeds may be varied by changing the 
size of the sprockets which drive tlie picker shaft. In some 
planters it is easy to change the number of picker arms, and the 
rate of seeding may be r(>gulated in this way. 

Planters are commonly furnished with the necessary sprock- 



Fkj. 201. — D(;iiul of picker Fio. 202. — Fertilizer feedinf? 

and concave. device. 


ets to plant s(mm1 at distanw^s varying from about 10 to 
20 ins. 

6. Fertilizer Attachment. — A separate furrow opener (Fig. 
199, d) is usually provid('d for the fertilizer attachiruait. Tubes, 
extending down from tlu^ fertilizer hoi)i)er, carry thc^ fertilizer 
to the ground. The' placement of these tubes is such that the 
fertilizer is mixed with the soil before it comes into contact 
with the se(»d. The front hopi)er, shown in Fig. 199, carries 
the fortiliz(T. 

The f(Ttilizer-f(‘eding dc'vice (Fig. 202) is of the same typo 
as that UvSed in grain drills. Th(‘ rate of feeding is regulated by 
changing the driving sprockets or by varying the size of the 
outlet from the hopper. Most planters are designed to sow 
any desired (luantit-y of fertilizer per acre, frdrn 300 to 
3000 lbs. 
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The fertilizer-feeding attachment is driven by a chain from 
a sprocket on the main axle. 

7. Furrow Openers (Figs. 199, d and e and 200, a). — The 



shoe type of furrow opener (Fig. 200, a) 
is commonly used. 

Where a separate furrow opener is 
provided for the fertilizer, the double- 
disk type seems to be the most com- 
mon. This leaves a ridge in the 
bottom of the seed furrow (Fig. 203, A) 
at the sides of which the fertilizer is 
deposited. The shoe furrow opener, 
which follows, splits this ridge as 
shown in Fig. 203, C and deposits the 
seed in the center. This prevents the 
seed from actually touching the fer- 
tilizer. 

8. Covering Device (Fig. 200, 6). — 
Covering disks are used on practically 
all makes of potato planters. They are 
placed at the rear of the planter. 
Their covering action is illustrated in 
Fig. 203, D. They arc raised and 



Fig. 203. — Action of furrow Fig. 204. — Disk 

openers, fertilizer tubes and Marker, 

covering disks. 


lowered by means of the control lever (Fig. 199, g). Grease 
cups arc provided for their lubrication. 

9. Marker. — Several types of markers are used, but all 
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have the same function. Figure 204 shows a disk marker. 
The marker is adjustable. It should be set so that the 
horizontal distance from the s('od-furrow opener to the line 
made by the marker is the same as the distance desired between 
the rows. (Note that this setting differs from that of the com- 
planter marker.) 

10. Pole. — A long w'ooden pole is attached to the forward 
end of the main fraim*. Two-horse eveners are used with the 
single-row potato planter. 

Tongue trucks are not commonly us('d, but a castor wheel 
may be obtained. This relieves the horses of n('ck weight. 
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LABORATORY STUDY NO. 17 

To study the action of the various parts of the potato 
planter. 

Equipment Necessary. — Complete potato planter. (With 
fertilizer attachirumt if fertilizer is commonly used in the region.) 

Procedure. 

1. Jack up the planter and support it securely, with the 
main wheels free from the floor. 

2. Lower the furrow openers and covering disk. 

(a) Does this engage the clutch? If not, see that the 
clutch is engaged. 

3. Turn one of the wheels and observe the action of the 
pickers. 

(a) How many pickers are usexl? 

(h) What means is provided for stripping the seed off the 
pickc^r sfM^ars? 

(c) How is the rate of seceding (distance between seeds) 

changed? 

(d) How is the picker shaft lubricated? 

(e) List in ord(*r tlu^ parts that transmit power from the 

main axle to th(‘ picker shaft. 

4. Examine tlu^ construction of the upper hopper and lower 
hopper (th(^ lower hopi)er is soiiKitimes called the magazine 
or picker pit) . 

(«) AVhat means is provided to insure a good flow of 
s('ed from the upper to the lower hopper? 

5. List in order th(' parts that transmit power from the main 
axle to the fertilizer attachment. 

(а) What type of fertilizin’ feed is used? 

(б) How is the amount of fertilizer used per acre regu- 

lated? 

(c) What device is used to insure a free flow of fertilizer 
and to prevent plugging up? 
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6. Operate the control lever (or levers). 

(a) What type of furrow opener is used? 

(b) What type of covering device is usc^d? 

(c) How is the covering device lubricated? 

7. Examine the marker. 


(a) What type is used? 

(b) Cliange it from one side to the other. 

(c) How is it adjusted to give the desired distance be- 

tween rows? 
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Job No. 29 

TO OVERHAUL AND REPAIR A POTATO PLANTER 

Operations Necessary to Perform the Job. 

1. Clean out seed and fertilizer hoppers. 

2. Jack up planter. 

3. Loosen moving parts with kerosene. 

4. Turn drive wheel and watch action of moving parts. 

5. Replace worn parts and tighten loose bolts or rivets. 

6. Clean out all oil holes. 

7. Remove and clean grease cups and tubes. 

8. Inspect chains. 

9. Cover polished steel surfaces with grease. 

10. Paint, 

11. Lubricate all bearings. 

Description of Operations. 

1. Clean out the seed hopper, picker pit, and fertilizer 
hopper thoroughly. 

2. Jack up the planter securely as in Laboratory Study 
No. 17. 

3. Lubricate all bearings and oil holes liberally with kero- 
sene, to loosen up rusty shafts or sprockets. 

4. Lower the furrow opener. Turn one of th(' drive wheels 
and obscirve the action of all parts, watching for loose or worn 
bearings, sprockets, chains, etc. (This is a (|uick method of 
locating any part that is not functioning properly.) 

5. Examine and test the condition of the parts listed Ixdow. 
These are all subject to rather rapid wear and require frequent 
replacement or adjustment. 

(a) Pawls and pawl springs (tension of pawl springs may 

be increased temporarily by stretching). 

(b) Main axle bearings. 

(c) Clutch, clutch spring, clutch sprocket. 
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(d) Chains and sprockets. 

(e) Picker shaft and bearings. 

(/) Fertilizer attachment shafts and bearings. 

(g) Picker arms (tighten all bolts or rivets). 

{h) Picker spears and springs. 

(i) Fertilizer-hopper agitator or belt. 

(j) Seed-hopper agitator or belt. 

(k) Furrow-opener and disk-coverer bearings. 

(l) Marker blade (or disk) and all marker connections. 

(m) Bolts attaching pole to main frame. 

6. Clean out thoroughly all oil holes in all parts of the 
planter. A wire hook with a sharpened end is useful for this 
purpose. 

7. Remove all grease cups and tubes. See that the grease 
flows through them freely. 

8. Examine all chains and s('e that they are properly assem- 
bled. Replace worn links. Brush over the chains with an 
old paint brush dipped in oil. 

9. Cover all polished steel surfaces with a thick coating of 
oil or grease. 

10. Paint all parts that are liable to damage by rust. The 
seed and fertilizer hoppers in some planters are made of sheet 
iron. These should be well protected from rust. 

11. Lubricate all the bearings thoroughly with oil or grease 
(as required) before considering the repair job complete. 
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LABORATORY STUDY NO. 18 

To lubricate a potato planter and prepare it for field opera- 
tion. 

Equipment Necessary. — Complete planter, oil can, oil and 
grease, sharp-pointed wire, etc. 

Procedure. 

1. Locate all oil holes. Clean them out with the pointed 
wire, and oil thoroughly. 

2. Refill and turn down all grease-cup caps vSevoral times. 

3. Pack the disk bearings carefully with greases 

4. Rub oil on the sides of the concaves (Fig. 201, ^4) and 
partitions in the front of th(^ picker pit. This prevents gum- 
ming up of the sid(^s. 

5. Examine the condition of the picker points and see that 
they are sharp. 

6. Examine the stripper mechanism (parts that force the 
potato seed off thc^ i)oint) and s('(^ that it works properly. 

7. Revolve the picker shaft slightly by hand to see that it 
turns freely. 

8. Revolve the fc^rtilizer-feed parts slightly by hand to make 
sure they are not stuck. 

9. Operate the gate between seed hopper and picker pit to 
see that it does not bind. 

10. Open and close the f(‘rtilizer-feed gate several times to 
free it from any hardened fertilizer. 
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Job No. 30 

TO OPERATE A POTATO PLANTER 

Operations Necessary to Perform the Job. 

1. Lubricate and prepare planter for the field. 

2. Set position of picker points. 

3. Adjust tension of concave springs. 

4. Adjust hitch. 

5. Fill seed and fertilizer hoppers. Have a supply of seed and 

fertilizer available. 

6. Select proper sprocket to give desired distance between 

seeds. 

7. Set fertilizer feed to give desired amount per acre. 

8. Adjust marker to give desired distance ])etween rows. 

9. Begin planting by driving straight across one edge of field. 

10. Regulate depth of planting. 

11. Adjust covering device. 

12. Check accuracy of planting. 

13. Check rate of distribution of fertilizer. 

14. Turn idantcr around, reverse the marker, and continue 

planting. 

Description of Operations. 

1. Lubricate and prepare the planter for the field. Full 
instructions for this operation are given on page 292. 

2. The picker arms in some planters provide two places 
where the picker points may be attached. For small seed the 
point should be set in the hole nearest the end of the picker 
arm; for large seed it should be set in the hole farthest from 
the end of the picker arm. 

3. At the rear of the planter in the bottom of the picker 
pit, flexible troughs are placed. These are called the concaves 
(Fig. 201, A). The picker points or spears pick up the potatoes 
from the groove or trough on the inner face of the ^concaves. 
Two of these concaves are usually provided, one for each set 



294 POTATO PLANTERS AND POTATO DIGGERS 


of picker arms. They are flexible in order to accommodate 
themselves to the various sizes of seed. Their tension is adjust- 
able by means of a spring and should be set so that they will 
hold the seed firmly against the pickers. These concaves are 
adjustable and may be set further back from the picker shaft, 
when planting large seed. 

4. The height of the poic should be such that the planter 
frame and hoppers will be level when the machine is in opera- 
tion. This adjustment is made by the neckyoke straps if 
horses are used. With tractors, adjustment is usually provided 
at th(j draw bar. 

5. ]<"ill the seed and fertilizer hoppers. A supply of seed 
and fertilizer should be kept in a wagon at one end of the field. 

6. Select the proper sprocket to give the desired distance 
between seeds. The distance between seeds in the row is 
varied by changing the feed sprockets. Thirteen, 15, and 17 
ins. are all standard distances. Planters are usually furnished 
with two sprockets, one that spaces the seed 13 ins. and one 15 
ins. Sprock('ts for other distances are available. 

7. llegulate the fertilizer feed to give the desired amount 
per acre. The fertilizer-feed settings are not usually marked 
on the potato planter as they are on the grain drill; conse- 
quently, it is difficult to get the desired rate of flow the first 
time. As the operator becomes familiar with his plant('r, how- 
ever, and has an opportunity to check the amount of fertilizer 
used against the acreage covered, this adjustment will be more 
accurately controlled (see page 285). 

Adjust to sow th(* d(isired quantity p(‘r acre, as described on 
page 285. The fertilizer delivery spouts or tubes should be set 
to spread the fertilizer along the sides of the seed furrow. 
Fertilizer should not be allowed to touch the potato seed. The 
fertihzer-feed wheels in some planters are equipped with 
cut-off pins,’’ or break pins. If an obstruction enters or 
parts become jammed, these pins shear off and so prevent more 
serious damage. If the flow of fertilizer stops, the cut-off pins 
should be inspected. 



OPERATING A POTATO PLANTER 


295 


8. The adjustment of the marker determines the distance 
between rows. It should be set so that the distance from the 
center of the furrow opener to the mark is the desired dis- 
tance between rows. In many potato-growing regions from 
30 to 32 ins. is the standard distance. 

9. Begin planting by driving straight across one edge of the 
field. Like other seeding machines, the ])otato planter is drawn 
back and forth across the field. On each trip the marker 
draws a line in the soil, on which the next row is to be planted. 
At the ends of the field the furrow opener and covering disks 
are raised while the machine is turned around. This disen- 
gages the clutch so that the working parts are idle when the 
machine is being turned around. The furrow opener should be 
lowered just after the planter is started across the field. It 
enters the ground more easily when the machine is in motion. 

10. The depth of planting is controlled by the raising lever. 
When the desired depth setting is found the oi)erator should set 
the lever in the same notch each time to secure uniform depth 
throughout the field. 

On some i)lanters an adjustment affecting the depth is also 
possible at the furrow openers. 

11. The angle of the disks and the downward pressure on 
them are adjustable. Increasing th(^ angh' makers a higher 
ridge and throws the dirt in more. Suffici(*nt jxuK't ration and 
angle should be given so that the seed is well covered and lightly 
ridged. 

.12-13. Before making the return trip, check u]) on the rate 
of seeding and the rate of flow of fertilizer. This may be done 
by observing the amount of fertilizer us{‘d out; of the hopper, 
and uncovering the row to note the distance be^tweeii seeds. 

Note . — The distance* be'twe*en se*eds cannot be accurately 
tested by having the^ j^lanter elrop the se^eel e)n the surface of the 
grounel, as the seed will bounce out of place. Uncovering the 
seed is the better way. 

14. Raise the furrow oj)ener, coverers, and marker, when 
the end of the field is reached. 
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Turn the planter clear around and put it into position for 
the return trip across the field. The pole should be directly over 
the line made by the marker on the first trip. Swing the 
marker over to the opposite side of the planter and continue 
planting. 

Note . — Some planters have an agitator in the bottom of the 
seed hopper. This stirs up the seed and causes it to flow down 
to the picker. Some planters have an adjustment controlling 
the movement of the agitator. This should be set so that an 
ample supply of seed is delivered to the picker pit. In some 
planters a feed gate is located between the seed hopper and the 
picker pit (also called magazine). This gate should be kept 
open wide enough to permit plenty of seed to enter the picker 
pit. If closed too much, the gateway may become clogged or 
“ bridged over,” thus cutting off the flow of seed to the 
magazine. 
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POTATO DIGGERS 

Potato diggers, like all other farm implements, passed 
through many stages of development before the present stand- 
ard type was designed. Various shapes of blades have been 
used for raising the potato out of the ground. Many devices 
have been tried for separating the potatoes from the accom- 
panying mass of earth and vines. 

The function of the modern digger, as indicated in the 



Courtesy of International Harvester Co. . 


Fig. 205. — Standard type of elevator dififfer. 

preceding paragraph, is to dig the potatoes from the ground, 
separate them thoroughly from the vines and soil, and drop them 
in rows or pihis so that they may be easily gathered. To some 
extent, potato diggers have beim equiiiped with picking attach- 
ments. With these the potatoi's are deposited in piles or 
crates so that the work of gath(*ring is much easier. Such 
attachments have been only partially successful and are not 
in general use. 

Types and Sizes. — The type of digger illustrated in Fig. 205 
has come to be the standard. It is called the elevator digger. 
The size is determined by the width and length of the elevator 
(see arrows. Fig. 207, a). The elevators of the smaller machines 
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arc usually 20 ins. in width and 5 to 6 ft. long. The larger 
machines, designed to be drawn by four horses or by a tractor, 
have 22-in. elevators, 0 or 7 ft. long. 

The standard machine digs one row at a time. Two-row 
tractor diggers, operated by a “ power take-off ” from the 
tractor, are not yet in common use, but are being used to some 



Courtesy of Hicksville Implement Co.^ Ilicksvillet N. Y. 

Fia. 206. — Two-row tractor digger. (Note extension elevator, used in 
l)lacc of vine turner and shaker.) 


extent in several potato-growing regions. A two-row tractor 
digger is shown in Fig. 206. 

CONSTRUCTION AND PRINCIPAL PARTS 

1. Main Frame (Fig. 207, 6). — The main frame is made of 
two pieces of angle iron, one at each side of the digger. These 
are cross-tied with a short angle iron. The main frame sup- 
ports the sideboards of the elevator (Fig. 207. c ) ; and carries the 
brackets to which the shovel (Fig. 207, d) is attached. Two 
brackets are also carried at the rear of the main frame. The 
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main axle is held in these brackets, which are located toward 
the rear of the elevator. The digger beam is connected to the 
front end of the main 
frame (see Fig. 207, e). 

Various sprockets for 
the operation of the 
elevator chain links are 
also connected to the 
main frame. 

2. Main Wheels 
(Fig. 205, c).— Both 
main wheels are drive 
wheels. They furnish 
the power for all the 
other moving parts. 

Large lugs (Mg. 205) 
are used to secure good 

traction. The steel ring . i r • r i i • i 

, , - ri(S. 207. — Detail of main frame, shovel, side- 

IS removed when the boards and beam. 

digger is at work. Steel 

wheels are used, varying in diameter on different diggers from 
32 to 36 ins. The main axle is a fixed or “ dead ” axle, and 
the wheels revolve on it. 

3. Ratchet and Pawls. — Power is transmitt('d from the 



wheels to the main drive gear (Fig. 205, a). Both chain-driven 
and gear-driven diggers an* in common use. Figure 205 shows 
the main wheel and gear of a gear-driven digg('r. Small latches 
are placed in the main wheels of some diggers to engage and dis- 
engage the pawls. When the digger is Ixung transported to the 
field the pawls are disengaged. This means of engaging the 
pawls serves as a clutch. In some diggers the action of the 
shaker lever (Fig. 205, d) or the shovel-lifting lever (Fig. 205, e) 
engages and disengages the pawls. 

4. Main Drive Gear (Fig. 205, a ). — One main cjrivc gear is 
mounted on the main axle at each side of the digger. (Drive 
sprockets of similar size are used on chain-driven diggers.) 
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These gears act as pawl holders and transmit the power to the 
main drive pinion. 

6. Main Drive Pinion (Fig. 205, b ), — A main drive pinion is 
mounted on each end of the main drive shaft. This pinion 
meshes with the main drive gear and receives the power from it. 

6. Main Drive Shaft. — The main drive shaft extends across 
the end of the digger underneath 
the rear of the elevator. All the 
working parts of the digger are 
driven from this shaft. Figure 208 
shows the location of the main 
drive shaft and the sprockets that 
arc keyed to it. 

Fio.208.-Main drive shaft ^'^ures 208, b and c, are the 
and sprockets. large sprockets that drive the ele- 

vator chain. These are keyed to 
the shaft so that they revolve just inside of the elevator 
sides. Figure 208, ri, is the shaker-drive sprocket and Fig. 
208, e, is the driving sprocket for the vine turner. 

In brief, the main drive shaft has three distinct functions: 

(a) Drives the elevator (Fig. 205, /). 

(b) Drives the vine turner (Fig. 209, b). 

(c) Drives the shaker (Fig. 209, a). 

It is carried in brackets mounted under the main frame and 
is provided with renewable bearings, which are fitted with 
grease cups for lubrication. 

7. Elevator (Fig. 205,/). — The elevators are made up of links 
of rod in the form of a chain. One-half of the elevator link 
rods are bent slightly upward and one-half are bent downward, 
the raised links alternating with the lowered onc^s. This forms 
pockets to carry the potatoes up the elevator and aids in sepa- 
rating them from the soil and vines. 

The elevator is driven by the two large sprockets on the main 
drive shaft (Fig. 208, b and c). Each side of the elevator is 
provided with agitating sprockets, as shown in Fig. 207, / and 
g). As these sprockets revolve they “ agitate or shake the 
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elevator links, which aids in separating the potatoes from the 
vines. The under side of the elevator chain is supported by 
the roller shown in Fig. 207, lu This roller is used to take up the 
slack in the elevator. The lower end of the elevator is carried 
on the roller shown in Fig. 207, i. The bearings of all sprockets 
and rollers are renewable and must be frequently replaced. 
It is difficult to lubricate them successfully. They are covered 
with soil when the digger is in operation. Dirt and sand work 
into the bearing and cause rapid wear. 

The elevator chain should be kept as tight as it can be 
hooked up by hand. If the chain becomes too slack it may 
climb on the driving sprockets or vegetation may wedge under 
it. Chain links must be re- 
moved when necessary to 
tighten the elevator chain. 

8. Vine Turner (Fig. 

209). — The vine -turner 
crank and forks (Fig. 209, h) 
act to separate the vines 
from the potatoes and soil. 

The action of the revolving 
forks frees the vines and 
turns them to one side with 
the aid of the vinc-turnc.T 
rods (Fig. 209, c). In this 
way the vines and trash are 
piled at the side of the row 
of potatoes. (The potatoes 
drop to the ground at the 
center of the rear of the 
digger.) This makes the 
work of picking them up much easier. 

9. Shaker (Fig. 209, a). — The potatoes pass up the elevator 
and are delivered to the vine-turner rods. Here the action 
of the forks frees the \ines. The potatoes, and the soil that is 
mixed with them, drop through the wide-spread vine turner 



Fio. 209. — Vine turner and shaker. 
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bars (Fig. 209, c) onto the closely spaced bars of the shaker 
(Fig. 209, a). The shaker is mounted at the rear of the digger. 
It oscillates back and forth, sifting the soil through the bars 
and dropping the potatoes off the end of the bars. 

The shaker is suspended by hangers at the rear of the 
frame. It is given an oscillating motion by the pitmans (Fig. 
209, d). One pitman is used on each side of the shaker. They 
are attached to crank wheels on the shaker crankshaft. This 


shaft is driven by a chain from the main drive shaft. 

The shaker hangers and the pitmans are subject to rapid 
wear and should be well lubricated. They are always provided 
with renewable bearings, which need to be replaced frequently. 
The angle or downward pitch of the shaker is controlled by the 
lever (Fig. 205, d)} 

10. Shovel (Fig. 207, d). — The shovel of the digger is made 
of highly tempered steel. It must be hard enough to scour well 
under many different soil conditions. It is bolted to the shovel 
brackets at the lower ends of the elevator sides. 

The shovel is lo weired into the working position by means 
of the shovel-lifting lever (Fig. 205, e). 

It must penetrate deeply enough to get under all of the 



Courtesy of International Harvester Co. 

Fig. 210. — Tongue truck. 


potatoes. If it is set deeper 
than necessary the draft is 
greatly increased. Regula- 
tion of the depth is con- 
trolled by the shovel-lifting 
lever which is attached to 
and operates the shovel-lift- 
ing b^rii (Fig. 207, e). 

11. Tongue Truck (Fig. 
210) . — Potato diggers are 
regularly equipped with 


tongue trucks. The truck wheels support the weight of the 


^ On fields where the surface grow’th and vines are not heavy, the 
shaker and vine turner are frequently replaced by the extension elevator 
shown in Fig. 206. 
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front of the digger and make possible the convenient location 
and s'mple design of the lifting lever. The wheels are de- 
signed for the short turning usually necessary at the ends of 
the rows. 

Figure 210 shows a tongue truck with a tractor hitch. 

12. Stone Trap (Fig. 211). — The stone trap is a useful 
addition to the digger for use in stony fields. It is mounted 
between the lower end of the elevator and the shovel. A 
series of iron fingers prevent stones from lodging between the 
rear of the shovel and the lower end of the elevator. 



Fid. 21 1 . —Stono tmp. 


Fig. 2J2. — liolling coulters. 


13. Rolling Coulters (Fig. 212). — llolling coulters may be 
used to good advantage on fields with a heavy growth of vines, 
grass, woods, etc. Under such conditions, trouble is caused 
by the heavy surface growth lodging on the sides of the elevator 
and wedging in under the beam. A rolling coulter is mounted 
at each side of the shovel. If kept sharp, it cuts through the 
surface trash so that only the strip in front of the shovel is ele- 
vated. 
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LABORATORY STUDY NO. 19 

To study the action of the various parts of the potato 
digger. 

Equipment Necessary. — Complete potato digger. 

Procedure. 

1. Jack up the digger so that the rear wheels are free from 
the floor. Make sure that the jacks or blocks are so placed 
that they will not interfere with the working of any part. 
(With some diggers it is possible to slip a timber under the 
main frame, bc'twcen the lower and upper side of the elevator 
chain. Then jack up on the ends of the timber.) 

2. Engage the pawls by means of the latches in the main 
wheels. (This is done by lowering the shaker to working posi- 
tion on some machines.) 

3. Revolve one rear wheel and observe the action of all 
parts. 

(a) List in order all parts transmitting power from the 
main wheels to the elevator. 

(h) List in order all parts transmitting power from the 
main wheel to the shaker. 

(c) List in order all parts transmitting power from the 

main wheel to the vine-turner crankshaft. 

(d) What is the ratio of the speed of the vine-turner 

crankshaft to that of the main wheel? 
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Job No. 31 

TO OVERHAUL AND REPAIR A POTATO DIGGER 

Operations Necessary to Perform the Job. 

1. Sharpen shovel. 

2. Repair and adjust clevntor chain. 

3. Replace bearings of elevator sprockets and rollers. 

4. Replace worn pawls and springs in main wheels. 

5. Test bearings of main drive shaft. 

6. Inspect all chains and sprockets. 

7. Test bearings of shaker and ]>itnians. 

8. Adjust vine-turner forks. 

9. Straighten rods of vine-turner and shaker. 

10. Tighten lugs on main drive wheel. 

11. Reassemble all parts and lubricate machine thoroughly. 

12. Cover shovel with coating of grease or oil. 

Description of Operations. 

1. Remove and sharpen the shovel. This may be ground 
on the emery wheel or grindstone. Grind it on the same side 
that was originally ground. (Some manufacturers grind the 
upper and some the lower side.) Try to pr(\serve the original 
bevel. 

2. Unhook the elevator rod chain and remove it from the 
digger. Examine it carefully for worn or broken rods and 
replace any such. Straighten any that are bent. 

3. Disassemble all of the rollers and agitator sprockets 
(Fig. 207,/, <7, h and i). Wash all these parts clean in kero- 
sene and test the bearings for wear. Replace the bearings if 
necessary. 

4. Examine the pawls and pawl spring in the main wheels. 
Replace worn pawls and springs. Glean out oil tubes leading 
to the main-wheel bearings and wash the bearings thoroughly 
with kerosene. 

5. Test the bearings of the main drive shaft. Some ma- 
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chines have plain bearings and some have roller bearings at 
this point. Clean out the grease tubes and bearings thoroughly. 
Put in new bearings if required. 

6. Examine all chains and sprockets for wear. See that 
the chains are put on properly. 

7. Test the shaker-hanger bearings and the pitman bearings 
(Fig. 209, d). These wear rapidly and need replacement nearly 
every season. In some machines the pitman bearings are 
adjustable so that the wear may be taken up. 

8. Tighten the vine-turner forks (Fig. 209, b) so that there is 
no looseness between them and the shaft. To take up wear 
at this point it is often necessary to remove the fork and file 
off material from one-half of it. This allows the halves to 
draw tighter together. 

9. Straighten any rods that may be bent in the vine turner 
or shaker. 

10. Tighten the lugs on the main wheels (Fig. 205, c). 

11. Reassemble all parts and lubricate the entire machine 
carefully. 

12. Cover the shovel with a thick coating of grease or oil. 
This is a polished steel surface. If allowed to become rusty 
it will cause loss of time when the machine is in the field. 
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LABORATORY STUDY NO. 20 

To prepare the potato digger for field operation. 

Equipment Necessary. — Complete potato digger; oil, oil 
can, grease; sharp-pointed wire. 

Procedure. 

1. Locate all the grease cups. Refill and turn down the 
caps several times. 

2. Locate all the oil holes. Clean them out thoroughly with 
a sharp-pointed wire. Oil each part thoroughly. 

3. Oil the pawls and the latches (or lever) that operate them. 
See that they move freely. 

4. Pull the elevator enough to be sure that it turns freely. 

5. Revolve the vine-turning crank and operate the shaker 
to make sure they will function. 

0, Tighten all lug bolts. 
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Job No. 32 

TO OPERATE A POTATO DIGGER 
Operations Necessary to Perform the Job. 

1. Prepare digger for the field. 

2. Adjust vine-turner crankshaft. 

3. Adjust liitch. 

4. Regulate setting of agitator sprockets and rollers. 

5. Set elevator chain at proper tension. 

6. Start digging at one edge of field. 

7. Regulate depth of digging. 

8. Adjust pitch of shaker. 

9. Make return trip across field by digging third or fourth row 

(skip one or two rows) . 

Description of Operations. 

1. The machine should be well lubricated and prepared for 
the field, as described in Laboratory Study No. 20, page 307. 

2. Provision is usually made for changing the vertical dis- 
tance between the vine-turner shaft and the shaker. 

When it is necessary to set the shovel deep, and the vines 
are heavy, the vine-turner shaft should be sot as far as possible 
away from the shaker. This gives more room for the passage 
of earth and vines. For light digging conditions, better work 
will result if this distance is decreased. 

3. The draft of the potato digger is heavy. The larger size 
requires four horses or a tractor to draw it. Three horses may 
be used on the smaller size of standard elevator diggers, or, if 
the digging is not continued for long periods, two horses may 
handle the load. 

Tongue trucks are used on the standard potato diggers. 
The wheels of the truck should set so as to be parallel with the 
pole. There is an adjustment provided for this purpose on the 
tongue truck. 

Special four-horse eveners are furnished with the large-size 
diggers so that the horses walk between the rows. 
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4. The elevator rod chain should bo kept at sufficient tension 
to operate properly. If too loose it may climb the sprockets, 
or it may sag down too much under a heavy load and the 
upper and lower sides may catch together. If the elevator is 
too tight the unnecessar}^ tension incn^ast's tlie draft. The ten- 
sion is regulated by removing or adding rod links to the elevator 
as required. 

5. The elevator supporting rollers arc adjustable and should 
be regulated to carry the slack on th(^ under side properly. On 
some makes of diggers the luaght of the front (Mid of the elevator 
above the shovel is adjustable by rkmitis of the two front rollers. 
The best results in stony ground are secured with the front end 
of the elevator raised as high as possible. 

When separation is difficult and extreme agitation is needed 
on the elevator, the position of llu' large and small agitators may 
be reversed. With the larger agitators in the lower position, 
the movement of the elevat or is increased. 

Only under unusual conditions should the above change 
be made. The least agitation that will give satisfactory sepa- 
ration should be used. In digging early ])otatoes particularly, 
the agitation given the el(?vator should })e as litt h^ as possible. 
To lessen the agitation, a s('t of smooth rollers may bc^ ])ut on in 
place of one of the sets of agitating sprock(‘ts. An extra set 
of rollers is usually furnished with the digger fcjr this purpose. 

6. Start digging at one edge of the fu'ld. The shovel 
should be lowered while the machine is in motion. In some 
machines, lowering the shov(d engages the pawls which drive 
the working parts. In others, lowering the shaken- engages the 
pawls, while in some it is lu^cessary to engager them by hand. 
This is done by means of small latches carried near tin* center of 
the main wheels. In any case, the (‘levator should be in motion 
before the shovel enters the ground. 

Drive across tlie field, keeping the digger astraddle of the row. 

7. The shovel should be lowered just enough to get under 
all the potatoes. The depth is regulated by th(‘, shbvel-lifting 
lever (Fig. 205, d). 
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8. The pitch or downward slope of the shaker, under ordi- 
nary conditions, should be set so that the center bars just touch 
the ground. This adjustrn(?nt will give the best rows of pota- 
toes. If the potato(‘S are not well separated with this setting, 
the angle should be decreased or made l(‘ss steep. Such a set- 
ting will give cleaner separation, but the potatoes will be 
scattered more. 

Two holes are provided in the pitman cranks for setting the 
wrist pins which drive the shakers. One of these gives a greater 



Courtesy of International Harvester Co. 


Fi(!. 213. — Potato digger in action. 

throw or movement to the shaker than the other. Under con- 
ditions when*. set)arntion is difliciilt, the hok^ with the largest 
throw should be uschI. 

9. Raise* tlie shovel at the end of the row. Turn the digger 
around and make the return trip on tJie tliird row. One row 
is skipped at each end of the lield. This mt‘thod allows time 
for the men gathering tlie potat()(*s to pick up those in the 
first few rows. Then the digger returns and digs the rows that 
were skipped. In this way there is little chance of potatoes 
being injured by the horses or tractor (see Fig. 213). Where 
a large crew of pickers is employed, it is a common practice to 
dig every row, instead of alternate rows. This method is faster 
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and requires less travel of the dig:^ 2 :er, but extra pickers arc 
required to keep the path of the digger clear of potatoes. 

FIELD TROUBLES 

The principal troubles met with in digging j)()tatoes are 
caused by stones or by heavy surface growth of vines, grass, 
weeds, etc. It is difficult to remove this heavy surface growth 
by mowing and raking it off before digging, because of the 
ridges. In many cases, however, this can b(‘ done to advantage. 
When digging on such fields, the eh^vator should be given ample 
agitation and the vin(‘-turner crank set high. 

Stones are IVt'cpienlly a source of trouble. The stone trap 
mentioned on page ISO 5 eliminat(‘S this difficulty to some extent. 
The elevator should b(‘ k(‘pt. tight (mough to prevcait stones from 
working in l)(‘t,w(‘(‘n the sprock(‘t.s (or rolK‘rs) and the rod links. 
The operator will find it conv(‘ni(‘nt, when digging on stony 
fit'Ids, to have a shoi’t iron bar with which to pry up the elevator 
and release stoiu's that become wedged in. 

Hillside Operation. -- Digging potato(\s from fields on side 
hills is difficult. Tlie digger slips downhill, and trouble is exper- 
ienced in k(H'i)ing it astraddle of the row. For this purpose, 
sp('cial lugs or s[)iirs may be n(‘cessary. Tlu'v are made so 
that one long face of each lug ent(‘rs th(‘ ground in the best 
})osition to Resist the side slipping and hold the digger to its 
work. 

Some t,yp(\s of diggers aiv regularly supplic'd with a T-shaped 
lug. One face of this lug gives forward tra-ction; the other 
resists side sli[)ping. 

A sp(‘cial ](‘V(‘r for controlling the direction of travel of the 
tongue truck is su])pli(‘(l on some makes of diggers. This is 
a desirable feature and is particularly useful on hillsides. 
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THRESHING MACHINES 

The stationary type of threshing machine is still the most 
widely used. The grain is hauled to it and the threshing is 
done with the machine “ set ” in one place. The straw is 
piled or stacked at the rear of the machine. The grain is 
cither sacked at the machine or hauled away in large wagon 



('ourtct>y of J I Cat>f Threshiny Machine Co. 

I'k;. 2U. — Modern type of thresher. 


boxes. The thre.sher is mounted on a truck, so that it may be 
moved easily (Fig. 214). 

During the last few years, machines have been developed 
that harvest and thresh the gr.ain at the same time. These are 
called “ combines,” as they are a combination of the grain binder 
and the thresher. They are i)roving successful and will prob- 
ably replace the present tyix; of thresher to a large extent 
(Fig. 215). 
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The stationary type will be discussed here, for the reason 
that it is now in general use and will undoubtedly continue to 
be used for many years longer. If the student understands the 
principles underlying the construction and operation of thresh- 
ers and has had experience with grain binders, he will be fairly 
well qualified to undertake the operation of a harvester-thresher 
combine. 

Threshing machines are used for threshing all kinds of 
grain. They should thresh all the kernels from the head and 



Courtesy of Advance Rumlcy Thresher Co., Inc. 


Fig. 215. — Prairie type of harvester-thrcfjher (;o in bine. 

separate out all chaff, straw, weed seeds, etc. They are in 
reality grain-threshing and grain-cleaning machines. One part 
of the machine thnvshes, another cleans the threshed grain. 
The whole process is well describc'd by the expression separa- 
tion hence thcvse machines are commonly termed “grain 
separators.'^ 

Threshing machines are belt-driven. They must receive 
power from some outside source. Steam engines, gasoline or 
kerosene engines (farm tractors), and, in some districts, electric 
motors are used as sources of power. 
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Sizes. — The size of a thn^shinp; macliiiio is expressed by stat- 
ing the length of the cylinder (Fig. 2 IS, a), which is at the front 
of the machine, and the width across the separating and cleaning 
parts, straw racks, sieves, etc., which are at the rear of the 
machine. Thcise sizes are expressed in inches. A 20 x 36 grain 
separator has a cylinder 20 ins. long and a separating mechan- 
ism 36 ins. wide. This is considered a small machine and would 
require a farm tractor of about IS belt horse power to operate it 
successfully. A 40 x 62 thresher with self-feeder and wind 
stacker is about the largest size made. This would retjuire 
about 60 belt horse power for successful operation. Th(^ weight 
of the machines in th(^ smaller size mentioned averages about 
5000 lbs. Threshers 10 x 62 weigh approximately 10,000 lbs. 


CONSTRUCTION AND PRINCIPAL PARTS 


1. Feeder (Fig. 2l()). — The feeder conveys the bundles of 
grain into the machine. Large machin(\s are always equipped 
with a feeder, the action of which is illustrated in Fig. 217. 



Fig. 210. — Construction and principal parts of feeder. 


There are different types of feeders, but all are designed 
with the same obj(‘Cts in view. The function of the feeder is 
to cut the twine bands on the bundles and deliver the latter 
to the cylinder (Fig. 21(S) in a steady, even flow. All parts of 
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the cylinder should receive the same amount of straw, the out- 
side ends as much as the center. In other words, the bundles 
should be spread out and fed evenly to all parts of the cylinder. 

Figure 210 shows a sectional view of the various parts of a 
standard type of feeder. 

(а) Feeder Raddle or Conveyor Canvas (Fig. 210, a ). — This 
carries the bundles into the machine. It is e(|uipped with side- 
boards (Fig. 210, b) which ))revent the bundles from falling off. 
The bundles should b(^ j^itched on to the conveyor with the 
heads toward the cylinder. 

(б) Knives . — The revolving knives (Fig. 210, c) cut the twine 



CourUsi/ of Advaricf liumlcy 2'hrcbher Co.^ Inc. 

Fig. 217. — Action of feeder. 


' on the bundles and act to spread out and straighten the straw. 
The knives are kept ck'an and the straw is prevented from 
winding up on them by m<*ans of llu^ stripping bars (Fig. 216, 
d) between which they n'volve. 

(c) Spiked Roller . — The* s])ikcd roller shown at Fig. 216, c, 
feeds the grain downward to the front of the cylinder. The 
bars (Fig. 210,/) prevent the spiked roller from clogging. 

Many self-feeders are controlk^l by governors. If the rate 
of feeding becomes lu'avy (mough matiirially to decrease the 
speed of the cylinder, th(' action of the governor automatically 
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stops the conveyor. No more bundles are fed in until the 
normal cylinder speed is regained. 

Small threshers are not usually equipped with self-feeders. 
The bundles are cut and fed to the cylinder by hand. 

2. Cylinder (Fig 218, a). — Threshing the kernels of grain 
from the hcjads is accomplished by the joint action of the cyl- 
inder teeth (Fig. 218, a) and the concave teeth (Fig. 218, g). 
The parts of the cylinder arc as follows: 



(a) Cylinder Bars , — The cylinder is made up of from nine 
to twenty parallel bars, each bar carrying a row of cylinder 
teeth (Fig. 218, a). Cylinder bars are usually made in two 
pieces. 

(b) Cylinder Teeth (Fig. 218, a ). — The cylinder teeth pass 
through the bar and are held with a nut and lock washer in the 
inside. They must be kept tight. A special wrench is fur- 
nished for this purpose. 

(c) Cylinder Shaft . — The central shaft of the cylinder (Fig. 
218, 6) is large and heavy. It is made of a high-grade steel. It 
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is the main drive shaft and transmits power to all other parts 
of the machine. The main drive pulley (Fig. 21G, g) is mounted 
on the cylinder shaft. This pulley is driven by a long belt from 
the source of power. 

The speed of the cylinder is high. It varies from 750 to 
1200 revolutions pi'r minute in various sizes of machines. This 
gives a speed, at the circumference of the circle made by the 
cylinder teeth, somewhat greater than a mile per minute. If 
the speed becomes too high the kernels will be broken; if too 
low, they will not all be removed from the heads. 

(d) Cylinder Bearings , — Because of its high speed and heavy 
load, the cylinder must have sturdy bearings, designed for easy 
and thorough lubrication. A babbitt-lined cylinder bearing 
with oiling device is commonly used. This bearing is provided 
with an oil ring which aids in distributing oil to 
the entire surface of the bearing. 

Ball bearings are also used on the cylinder 
shaft. The balls are packed in grease and en- 
closed in a dust-i)roof housing. A grease cup 
is also provided for additional lubrication. 

A special grade of heat-resisting lubricant 
is required for the cylinder bearings. 

3. Concaves. — The concaves are flat bars 
of iron which extend across the machine just 
below the cylinder. They are so called be- 
cause the bars are slightly concave to corre- 
spond to the shape of the cylinder, which 
revolves above them. Figure 218, g, shows 
the location of the concaves. Each concave 
carries two rows of teeth, which are driven into 
the concave and secured with a nut on the 




under side, as shown in Fig. 219, B, The con- 
caves are stationary. The cylinder teeth 
revolve between the concave teeth, as illus- 


Fig. 219. — Detail 
of concave and 
cylinder teeth. 


trated in Fig. 219. In this figure the concaves are correctly 


adjusted. It is often found that the concaves arc too far 
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away from the cylinder teeth. With such a setting, whole 
heads of grain might pass through unthreshed. 

The adjustment which regulates this setting is shown in Fig. 

220. The concaves are held in place by 
hangers and may all be adjusted as a 
unit. Adjustments are also provided for 
moving either the concave or the cylin- 
der sidewise. The setting of this adjust- 
ment will correct such a condition as 
' that just mentioned. The cylinder teeth 

Fig. 220.— Adjiistment p^ss through the ccmter of the 

for setting concaves. , * 

space between the concave teeth. 

The number of concaves to use depends upon the kind and 
condition of the grain being threshed. One concave is generally 
used for threshing oats under ordinary conditions. As many 
as three concaves (six rows of teeth) may be necessary for diffi- 
cult threshing, such as flax that is not well dried. The rule 
should be to use the smallest number of concaves that will 
thresh all the kernels from the hc^ads. Each additional row of 
concave te^eth adds to the load and consumc's more power. 

4. Grates (Fig. 218, c ). — The grate (extends upward at the 
rear of the cylinder. Grati^s that are interchangeable with the 
concaves are also used. These are called concave grates (Fig. 
218, d). When a concave is removed a concave grate is put in 
its place. The proper placement and arrangement of the con- 
caves and grates will be discussed on page 337. 

Separation of the grain from the straw is largely accom- 
plished at the rear of tlie cylinder, by means of the grates. The 
kernels of grain sift through the grates and drop to the grain 
pan (Fig. 222, a). The straw cannot pass through the narrow 
bars of the grates; it is directed up the grate and back to the 
straw rack (Fig. 221) by the action of the cylinder and the 
beater (Fig. 218, c). 

6. Beater.— The location of the beater is shown in Fig. 
218, c. As the beater revolves it directs the straw down- 
ward to the straw rack (Fig. 221). It prevents the straw fromi 
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winding on the cylinder and tends to spread it so as to cover the 
full width of the straw rack. 

6. Straw Rack (Fig. 221). — The location of the straw rack 
is indicated in Fig. 21S, /. Its function is to convey the straw 
to the rear of the machine and to shake or agitate* it so as to sep- 



Fig. 221. — Straw rack. 


arate all the grain. To accomplish this, straw racks are given 
an oscillating motion by means of the crankshafts shown in 
Fig. 221, h. 

The notched fingers, called fish backs,’’ on tlu^ straw rack 
throw the grain backward, gradually working it; to the rear 
of the machine. Tliis thorough shaking up of the straw sepa- 



rates all the grain from it. The grain falls through the open 
spaces in the straw rack to the grain })an (Fig. 222). 

7. Grain Pan and Chaffer (I'^ig. 222). — The grain pan is 
located directly below the straw rack. It extends from the 
front of the cylindcT w(‘ll toward the rear of the machine. As 
the grain is thn'shed out by the cylinder and is further sepa- 
rated by the action of the grates and straw rack, it falls to the 
grain pan (Fig. 222, a). The motion of the grain pan is balanced 
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with that of the straw rack. The straw rack has longer lever 
arms and consequently it oscillates through a longer stroke than 
the grain pan. When both are loaded they will be more accu- 
rately balanced than when the machine is empty. 

The motion of the grain pan works the grain backward. 
The rear of the grain pan has an adjustable sieve, called the 
“ chaffer (Fig. 222, h). The chaffer has large openings which 
allow all but the coarse straw or unthreshed heads of grain to 
drop through it and down to the sieves of the cleaning mechan- 
ism (Fig. 223). 

8. Chaffer Extension (Fig. 222, c ), — The chaffer extension is 
a short, adjustable sieve with large openings. Its function is to 
carry straw or coarse chaff from the grain pan and chaffer back 
to the stacker. Some straw and chaff always sift through the 
openings in the straw rack and drop to the grain pan with the 
grain. The chaffer and chaffer extension should carry this back 
to the stacker, but should allow any grain to drop through the 
openings provided (I'igs. 222, h and c). 

Many unthn^shed heads and kernels of grain, mixed with 
chaff, reach the chaffer extension. The openings in this should 
be adjusted to a size largo enough to allow such material to pass 
through, so that it wall not be carried out with the straw. 

9. Tailings Auger and Tailings Elevator. — The tailings 
auger (Fig. 223, a) is placed directly below the chaffer extension. 
Unthreshed kern(*ls and chaff drop through the openings of the 
chaffer ('x tension into this auger or conveyor. The tailings 
auger carries the chaff and unthreshed grain to the tailings ele- 
vator, which returns it to the cylinder for rethreshing. 

The tailings auger and elevator thus provide a means for 
running the tough heads of grain through the machine twice. 
This saves a great deal of grain that would otherwise be lost in 
the straw. 

10. Cleaning Device, or Fanning Mill (Fig. 223). — The 
cleaning device, or fanning mill, cleans the grain from the light 
chaff, weed seeds, etc. It consists of three main parts: the 
shoe, the sieves, and the fan. 
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(a) Shoe . — The location of the shoe is shown in Fig. 223, 6. 
The shoe is given a shaking motion by means of a pitman. 
This causes the kernels of gram to be shaken through the sieves 
which are mounted above the shoe. 

(b) Sieves . — Adjustable sieves, such as the one shown in 
Fig. 223, c, are the type commonly used in modern threshers. 
The size of the opening is adjustable, so that the same sieve 
may be used for various kinds of grain. 

The gram sifts through the holes in the sieve and drops down 
to the inclined bottom of the shoe. It slides down the bottom 
of the shoe (which is constantly shaken back and forth by the 
pitmans), into the grain auger or conveyor (Fig. 223, d). This 



extends across the bottom of the shoe and carriers the grain to 
the place where it is put into bags or wagon boxes, as will be 
explain(^d later. 

(c) Fan . — The fan is located as shown in Fig. 223, e. It 
extends across the entire width of the machine, so that it directs 
an equal draft of air through all parts of the shoe. This draft 
of air plays against the under side of the shoe sieves (Fig. 223, c), 
the chaffer (Fig. 222, b)j and the chaffer extension (Fig. 222, c). 
It blows the light straw and chaff into the stacker, but the 
heavier grain sifts through the sieves and slides down the 
inclined sieve to the grain auger. 

Chaff, straw, and unthre^shed heads of grains that reach the 
shoe sieve (Fig. 223, c) are blown off the rear end of the sieve 
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into the tailings auger (Fig. 223, a) and returned to the cylinder 
for rethreshing. 

Under certain conditions it is necessary to use a weed screen 
(Fig. 223, /) in the bottom of the shoe. This allows the small 
weed seeds to pass through and drop to the ground. The 
grain kernels, being larger, cannot pass through the openings 
in the weed screen, but slide over it to the grain auger (Fig. 
223, d). 

Good threshing demands careful adjustment of the cleaning 
device. The amount of air used through the shoe, the size of 
the openings in the shoe sieve and chaffer, the angle of the 
chaffer extension, etc., arc all adjustable. Directions for mak- 
ing these adjustments are given in Job. No. 35. 

11. Straw Stacker (Fig. 224). — Two types of straw stackers 

are in common use, the 
straw carrier and the wind 
stacker. 

The straw carrier is 
much the same in general 
construction as the web 
carrier used on the self- 
feeder (Fig. 21 C), a). It 
elevates or carries the 
straw away from the ma- 
chine. Straw Carrie: s are 
used on the smaller sizes 
of threshers. 

AY i n d stackers are 
used on the larger-size 
threshers. They are 
sometimes referred to as 
“ blowers.” They consist of a large fan (Fig. 225) and a large 
adjustable pipe (Fig. 224, a). The end of the pipe is fitted 
with an adjustable hood. The fan is mounted inside of the 
housing shown in Fig. 220. 

AVind stackers are provided with adjusting cranks for 



Fig. 224. — Straw stacker or IJowcr. 
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raising or lowering the pipe and for swinging it from side to 
side. 

Figure 224, sliows the hoisting crank, and Fig. 224, c, the 
swinging or oscillating crank. When not in use, the wind 
stacker may be folded back over the thresher, as illustrated in 
Fig. 214. By means of tlu^so cranks a very large stack of straw 
may be made without changing the position of the thresher. 

12. Grain-handling Device (I^'ig. 227). — The threshed and 
cleaned grain slides down the inclined bottom of the shoe to the 



grain auger. This carries it across the machine. On small 
thri‘shers it is caught in l)askets at this i)oint. On larg(*r 
machines, however, which thresh out the grain very fast, this 
process would be too laborious. Hence, grain-handling deviccjs 
are used, so that very little laljor is required to handle the 
threshed grain. 

A commonly used grain-handling device consists of an ele- 
vator (Fig. 227) on the inside of which a chain, with cui>like 
recoptables, carries the grain upward to the weigher. The 
weigher is a metal basket that dumps itself automatically when 
a certain weight of grain has entered. The weigher basket 
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is provided with a scale and may be adjusted so that it 
dumps when exactly the proper weight 
has entered it. This weight will, of 
course, vary for the different kinds of 
grain; hence, the careful adjustment 
of the weigher is necessary. Each 
time the weigher trips it registers on 
a meter, so that the number of 
bushels threshed is automatically re- 
corded. 

When the weigher dumps, its load 
is delivered to the bagger spouts, at 
the bottom of which means for holding 
two bags are provided. Two are 
nece.ssary in order that one may be 
filled while the other is being taken 
off, tied, and placed on the wagon (Fig. 227). 

Grain spouts for loading the grain loose in wagons are often 



Courteny of Advance Rurnely 
T hr f idler Vo , Inc 

Fig. 227.“-Grain handling 
device. 


used instead of bagipers. 
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LABORATORY STUDY NO. 21 

To name and locate the various parts and trace 1h(^ course 
of the grain and straw through the threshing machine. 
Equipment Necessary. — Complete thresher. 

Procedure. — (Refer to Fig. 228.) 

1 . Twocate the feeder. (A self-feeder or men^l y a feeding tables 
may be used.) 
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Fie. 228. — Showing course of the grain through the thresher. 

fa) How is the grain carried into the cylinder? 

(h) What means is provided for cutting tlu^ twine bands 
on th(^ bundles? 

(r) What drives the. AhmIct raddh^ or carrifT (if any is 
used)? 

(d) AVhat is the purj)ose of tlui sideboards on the self- 

feeder (if used)? 

(e) Is the feeder j)rovided with a governor? 

(/) What means or device is providcid to f(ied the grain 
evenly to th(; cylinder? 

2. Examiiu* the cylind(‘r and answer th(‘ following questions: 

(a) What type of bearings arc used for the cylinder shaft, 
and how may they be adjusted? 
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(6) Is there an adjustment for taking up “ end play of 
the cylinder? 

(c) How many bars are used in the cylinder, and how 

many teeth in each bar? 

(d) Test all the cylinder teeth to determine jf anj^ are 

loose. (Rap each one with a hammer.) 

3. Revolve the cylinder and see that the cylinder teeth pass 
through the center of the space between the concave teeth (see 
Fig. 219, R). 

4. Locate the concaves and the adjustment for them (See 
Fig. 220). 

(a) Test all concave teeth to make sure that all are tight. 

(b) Adjust the concaves as close as possible to the 

cylinder; then adjust them as far as possible from 
the cylinder; then return them to their proper posi- 
tion (Fig. 219, B), 

(c) How many concaves may be used in this machine? 

(d) How may an additional concave be put in place of 

the concave grates (Fig. 218, d). 

5. Locate and explain the ymrpose of the straw grate (Fig. 
218, e). The doors on top of the machine must be opened in 
order to see the remaining parts. 

(a) Where does the major part of the work of separating 
the grain from the straw t ake place? 

6. Revolve the beater and notice its direction of rotation. 

(a) What is the purpose of the beater? 

7. Examine the straw rack through the open doors at the top 
of the machine. Revolve the pulley that drives the straw rack 
and watch its action. 

(а) What is the purpose of the straw rack? 

(б) Why is it given this peculiar jerky motion? 

(c) For what purpose are the open spaces in the bottom 
of the straw rack? 
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8. Revolve the pulley that drives the grain pan and observe 
its motion. 

(a) Locate the pitman that drives the grain pan. 

(b) Is this pitman adjustable? 

(c) How many hangers are provided for this grain pan? 

(d) What is the function of the grain pan? 

(c) Whence does it receive the grain? 

9. Locate and notice the movement of the chaffer (see Fig. 

222 , 6 ). 

(a) Are the openings in the chaffer adjustable? 

(h) What is its function? 

(c) Where does the grain go that sifts through the 

openings in the chaffer? 

(d) What effc'ct does the blast of air from the fan have 

on the action of the chaffer? 

10. Examine the position and movement of the chaffer 
extension. 

(а) What is its function? 

(б) What is the course of the unthreshed grain or parts 

of grain heads that sift through the large openings 
in the chaffer extension? 

(c) Why should the openings in the chaffer extension 
be larger that those in the chaffer? 

11. Revolve the tailings auger in its proper direction of rota- 
tion and notice its motion. 

(a) What is the purpose of this auger? 

(b) Whence does it receive* a supply of chaff or un- 

threshed heads of grain? 

12. Examine the construction and note the action of the 
tailings elevator. 

(а) What is the function of this elevator? 

(б) How arc the elevator cups or carriers driven? 
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13. Locate and notice the movement of all parts of the grain- 
cleaning device. 

(а) Are adjustable sieves used? 

(б) How many sieves are used? 

(c) Is the shaking motion of the shoe lengthwise of the 

thresher or crosswise? 

(d) How is the fan driven? 

(e) How may the amount of air used bo adjusted? 

(/) Is there a place for a weed screen in this shoe? 

14. Examine the stacker or straw carrier. 

(a) Locate all the adjustments used in forming the stack 

of straw. 

(b) Locate the fan (if a wind stacker is used). 

(c) Are the fan-shaft bearings adjustable? 

15. Locate the grain auger and notice its action. 

(a) What is the function of this auger? 

(h) How is it driven? 

16. Locate the weigher (if used) and all of its various parts, 
as follows: 

(a) Elevators. 

(b) Weigher basket. 

(e) Tripping d(3vice and meter. 

(d) Bagger or grain spouts. 

17. Trace the course of the grain through the machine, 
naming every part through which it passes. 

18. Trace the course of the straw through the machine, 
naming every part through which it passes. 
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Job. No. 33 

TO OVERHAUL AND REPAIR A THRESHING MACHINE 

Operations Necessary to Perform the Job. 

1. Repair feeder carrier. 

2. Sharj)cn hand knives. 

3. Clean and adjust cylinder-shaft hearings. 

4. Replace worn cylinder teeth. 

5. Take up end play in cjdinder shaft. 

6. Replace worn concave teeth. 

7. Adjust bearin^jjs of rocker arms or liariKors of straw rack. 

8. Adjust hearings of straw'-rack cranks. 

9. Adjust bearing of pitman used to drive straw rack and grain 

pan. 

10. Repair grain j)an and adjust hangers. 

11. Inspect chaffer and chaffer extension. 

12. Inspect and adjust all parts of cleaning device or fanning mill. 

13. Repair and adjust grain auger and tailings auger. 

14. Remove and repair tailings elevator. 

15. Remove and repair grain elevator; inspc'ct and test weigher; 

examine grain spouts and bagger. 

If). Repair wind stacker (or straw carrier, if used). 

17. Lubricate all bearings thoroughly. 

Description of Operations. 

1. Replace broken slats in the feeder carrier. Ree that the 
canvas is properly attached to the slats and that the leather 
straps (if used) are in good condition. Replace feeder side- 
boards if nec(vssary. 

2. Sharpen the band knives (Fig. 216, c) and replace any 
that are broken. 

3. Clean and adjust the cylinder-shaft bearings. Provide 
new bearings if necessary. See that the grease tubes leading 
to these bearings are clear. 

4. Replace worn cylinder teeth. This must be done about 
every season if the thresher is used for custom work. Worn 
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cylinder and concave teeth make the load heavier and cause 
a loss of power. When new teeth are put in it is necessary to 
drive them in firmly with a hammer and then tighten the nuts. 
All the teeth should be gone over with a heavy hammer several 
times. Each time they may be drawn a little tighter. It is 
possible to detect a loose tooth by the sound it gives when 
struck with a hammer. 

5. Take the “ end play ” out of the cylinder. A special ad- 
justment is usually provided for this purpose, near one of the 
cylinder-shaft bearings. 

6. Replace broken or worn concave teeth. To do this the 
concaves are removed from the machine. Tap the new teeth 
down well with the hammer, and tighten several times. The 
concave teeth should not be struck as heavy blows with the 
hammer, when tightening, as the cylinder teeth. The con- 
caves are cast iron and are liable to break. The bars of the 
cylinders arc steel. 

7. Take up the bearings between the studs and rocker arms 
that drive the straw rack. These rocker arms serve as hangers 
for the straw rack. They may be seen in Kg. 228. 

8. Examine the bearings of the straw-rack cranks (Fig. 221, 
h) and take up any wear or looseness. See that the oil passages 
leading to these parts are open. 

9. Adjust the bearings of the pitman that drives the straw 
rack. These bearings are usually adjustable with set screws 
or bolts. If two pitmans are used they must be kept exactly 
the same length. 

10. Move the grain pan back and forth and see that it works 
freely. Examine the bottom and sides, and replace any broken 
sections. Canvas or wood guides are provided between the 
stationary sides of the thresher frame and the moving grain pan. 
These should be gone over carefully and tightened or replaced 
as required, to prevent grain from leaking out. 

Adjust the bearings of the grain-pan hangers, or put in new 
hangers if they are badly worn. The hangers must be adjusted 
equally on both sides so that the grain pan will hang level. 
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11. Inspect the chaffer and chaffer extension. See that all 
parts of these are in good condition. Tighten the connections 
holding the chaffer to the grain pan. 

12. Examine all parts of the cleaning device. 

(а) Sec that the screen adjusters work freely. 

(б) Test the bearings of the shoe pitmans and adjust 

them properly. (Both shoe pitmans must be of 
equal length.) 

(c) Repair the sieves and sieve frames as required. 

The frames must be straight, the corners tight, and 
the metal of the sieves free from breaks or tears. 

(d) Adjust the fan bearings to take up the wear. (Re- 

move shims as required.) 

(e) Examine Ihe fan blades. Replace any that are 

broken. Tighten the rivets or put new rivets into 
blades that are loose. Sec that the fan blades 
revolve without striking. 

13. Revolve the grain auger and tailings auger to sec that 
they turn freely. 

(a) Examine the troughs that surround these augers. 
Tluivse troughs are made of sheet iron and should 
be protected from rust. 

14. The tailings elevator or carrier may be made of steel 
cups or small wooden slats, mounted on a long chain or web. 
This may be disconnected so that the entire elevator may be 
pulled out for inspection, l^roken cu])s or slats should be 
replaced. The bearings for the shafts at the top and bottom of 
the tailings elevator should be adjusted. Then the carrier 
may be replaced and drawn up tight enough to prevent slippage. 

15. Test the grain elevator and adjust the bearings at the 
upper and lower ends, as required. Examine the chains and 
cups of the grain elevator. Test the weigher basket and see 
that it trips properly. Straighten the grain spoifts and bagger 
parts^ as required. 
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16. Adjust the bearings on the end of the shaft of the wind 
stacker to take up looseness. (This may be done by removing 
shims.) 

(a) Test the fan blades and spiders of the wind-stacker 
fan in the same manner as the grain-cleaning fan. Revolve 
the fan and see that none of the blades strike. 

The fan blades must be of equal length and equal weight 
in order that the fan may balance properly. If one side 
(or blade) is heavier than the other, it will not run properly 
at high speed. 

To balance the fan, practically the same method may be 
followed as will be described in Job No. 34, page 333. 
(Balancing the Cylinder.) 

(h) Examine the lifting and swinging adjustments (Figs. 
224, b and c) on the wind stacker, and see that thej^ function 
properly. 

(c) Straw carriers frequently require new sideboards and 
bottomboards. In addition, the following will need careful 
attention and adjust] nent. 

(1) Carrier slats. 

(2) Carrier rollers and the bearings of such rollers. 

(3) Elevating or raising mechanism for the straw 

carrier. 

17. Lubricate thoroughly all bearings in all parts of the 
thresher. A sharp wire hook will be useful in this work for 
cleaning out oil holes. All grease ciq^s should be filled and 
carefully turned down. 

The axles of the truck wheels must also be greased. 
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Job No. 34 

TO REPAIR AND BALANCE THE CYLINDER 

Operations Necessary to Perform the Job. 

1. Remove cylinder. 

2. Support ends of cylinder shaft on two saw-horses. 

3. Put in new cylinder teetli as refpiired. 

4. Set up two steel “ strai^ht-edp:es on saw-horsc's. 

5. Level saw-horses in both directions. 

6. Place ends of cylind(‘r shaft on steed strai^ht-edpes. 

7. Test the cylinder for light spots and add wedges as reMpiired. 

Description of Operations. 

1. Rernovo the cylinder from the machine. 

2. Support the ends of the cylinder sliaft on two saw^-horses. 

3. Replace the cylinder t('eth as d(‘scrih(‘d in Jol) No. 33. 
Tighten the new teeth securely. The cylinder teedh that pass 
through the bands around the cylinder are long(*r than th(‘ 
others. Th(\se are called band teeth. 

4. Fasten two fiat pi(‘C(\s of sR'el or smooth iron (about 
I in. by 2 ins. by 12 ins.) to the saw-horses, with the edges up. 
(C 'arpenters^ sfpiares may be used for this i)urpose.) 

These must be secured with blocks. 

5. Level the saw-hor.ses accurat(*ly in ])oth directions. 

0. Place the cylinder-shaft ends on tlu'se pieces of steel. 

7. Roll the cylinder easily along the fjieces of steel. When 
it comes to rest, mark the cylinder bar that is uppermost with 
a piece of chalk. 

Roll the cylinder again. If it comes to rest with the chalk 
mark up again, this part of the cylinder is light. Drive a wedge 
under the cemter band. 

Rub off the chalk mark and repeat this process until the 
cylinder comes to rest at any point. (No light sfwts are indi- 
cated unless it always comes to rest at the same point.) 
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Follow the same method for balancing the wind-stacker fan. 
(Weights may be added to the fan blades in the form of washers 
or nuts, as required.) 

Note , — It is necessary to have the cylinder well balanced. 
It runs very fast. Any unevenness in weight is particularly 
noticeable at high speeds and very hard on the bearings of the 
cylinder shaft. 
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LABORATORY STUDY NO. 22 

To lubricate all parts of a threshing machine. 

Equipment Necessary. — C'ompletc thresher; oil and grease, 
oilcans; sharp wire; cotton waste. 

Procedure. 

1. Locate all grease cups or oil holes on the feeder. Clean 
out the oil holes and oil each one thoroughly, llefill all the 
grease-cup caps and turn them down several times. Count the 
number of places to be lubricated on the feeder. 

2. Remove the greasc-cup caps on the cylinder bearings. 
Refill and turn them down several times. (Some cylinder 
bearings have oil cups instead of grease cups. P"ill these with 
oil.) The cylinder bearings require a high-grade lubricant. 
Do not use cheap axle grease on them. 

3. Crease or oil all shafts, cranks, or bearings on the left 
side of the thresher. Count each place and remember how 
many places there are to be oiled. 

4. Grease or oil all places on the right side of the thresher. 
Remember the number of plac(‘s to be oiled. Can these places 
be oiled when the machine is in operation? 

5. Lubricate all parts on the straw stacker, including the 
raising and oscillating cranks. 

(). Oil lightly the parts of the tripping mechanism of the 
weigher and meter. 

7. Grease the axles of the truck. 

8. Keep tlie supply of oil and grease, that is carried with 
the thresher, free from dust and chaff. 
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Job No. 35 

TO OPERATE A THRESHING MACHINE 

Operations Necessary to Perform the Job. 

1. Level machine. 

2. Block wheels. 

3. Put in proper number of concaves and adjust sieves. 

4. Align tractor or driving motor with thresh(*r and put on drive 

belt. 

5. Run cylinder idle beb)re putting on any of the thresher belts. 

0. Put on all thresher belts and run machine slowly for a few 

minutes. 

7. Lubricate all parts while machine is running. 

S. Increase speed until cylinder is running at its rated s])eed. 

9. Feed in grain. 

10. Lubri(;ate nil parts fre(|ucntly, 

1 1. J\Iak(' adjustments necessary to save all grain and to clean it 

well. 

Description of Operations, 

1. S(*t the thresher so that it is level both lengthwise and 
crosswise. Jf the machine is low in t.he front the grain will pik' 
up on the grain j)an and not mov(' backward to the sieves. 

2. Block the wIkh'Is to prevent the machine from being 
drawn forward by the belt. 

3. Make the concave and sieve adjustment suitable for the 
grain to be threslu'd according t-o the following din'ctions. 

The number of concaves used depends upon the kind and 
condition of the grain. The rule is to use as few rows of teeth 
as possible and still secure thorough threshing. Set the con- 
caves close enough to prevent the grainheads from passing 
through unthreshed. 

Jf too many rows of concave teeth are used, or if they are set 
too close, the straw will be chopped up very fine. This will 
tend to overload the cleaning sieves or clog them up. It is 
very difficult to secure well-cleaned grain under such conditions. 
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The following directions apply to the threshing of the 

common grains under average conditions. 

Wheat 

(a) Four rows of tcefh (two concaves) are usually 
required. 

(h) A blank concave (with no teeth) or a concave grate 
may be placed between the tw^o filled concaves (see Fig. 
128, d). 

(c) Cylinder should be running at rated speed. 

(d) The chaffer sieve, chaffer extension sieve, and shoe 
sieve should be adjusted while the machine is running, until 
best results are secured. A\’hen the straw is very dry, the 
cylinder speed may be slightly reduced to prevent the 
breaking and chopping up of the brittle straw, h'or grain 
in such a condtion, a heavy blast of air must be used on the 
shoe sieve to blow off the chaff. 

Oats. 

(а) Dry oats may be well threshed out of the heads with 
two rows of teeth (one concave). 

(б) Cylinder speed may be lower than for wheat. 

(c) Adjustable' sieves in chaffer, chaffer extension, and 
shoe should b(' opc'n wider than for wheat. 

(d) Wind adjustment must be carefully regulated to 
I)revent oats from being blown over thci rear of the machine. 

Damp oat straw reepiires the full rated si)eed of the 
cylinder for successful threshing. 

Barley. 

(a) Four or six row%s of concave teeth may be needed if 
the straw is tough and the beards hard to separate from the 
heads. 

(b) (Cylinder should be running fast — at or even a trifle 
above full rated speed. 

(c) Sieve setting should be the same as for wheat, except 
that the rear end of shoe sieve should be set lower. 
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(a) Two rows of teeth (one concave) are usually suffi- 
cient. Concave setting should be widened slightly if the 
straw is damp. 

(b) The same sieve setting may be used as for wheat. 
More air may be used in the fanning mill than for 

wheat. 


Flax, 

(a) Four or six rows of teeth (two or three concaves) 
may be required. 

(b) Flax must be fed in very carefully and evenly, not 
bunched. 

(c) Cylinder should run at full rated speed. 

(d) Flax should be threshed only when the straw is dry. 

(e) Special flax sieve should be used underneath the 
adjustable shoe sieve. More air blast can be used with two 
sieves in the shoe. 

(/) C'haffer, chaffer-extension, and adjustable shoe sieves 
should be closed a little more than for wheat. Chaffer- 
extension sieve must be open wide enough to allow the bolls 
to pass through to the tailings auger. The adjustable sieve 
should be placed as high as possible in the shoe. 

There will always be more tailings in flax threshing than 
for other grains. Many of the seed bolls must be returned 
to the cylinder for rethreshing. 

4. Put on the drive belt and sec that it is drawn up tight 
enough to prevent slippage. 

A good alignment of the driving pulley of the power unit 
and the driven pulley of the thresher eylinder is necessary to 
keep the belt on. This is particularly necessary in windy 
weather. A poor alignment may also cause the sides of the 
drive belts to rub on the belt guides and wear rapidly. 

If possible, the machine should be set so that the wind (if 
any) blows from the power unit in the general direction of the 
thresher. This results in keeping the operators out of the dust 
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as much as possible. The most favorable setting is to have 
the wind on the quarter. 

Threshers are driven from the source of power (steam, 
engine, farm tractor, or electric motor) by a long belt. This 
is called the drive belt. Drive belts are made in widths from 
5 to 9 ins. and are furnished in lengths from 40 to 150 ft. 

The drive belt is placed over the large pulley on the thresher 
cylinder. This is the main drive pulley of the thresher, and 
from it power is transmitted by belts to all other parts. 

5. Before putting on any of the thresher belts, let the drive 
belt turn over the cylinder only, for a short time, to see that the 
teeth are properly spaced and that none strike. 

6. Put on all the belts and run the machine slowly for a 
short time. 

7. Turn down the grease cups and fill all the oil holes while 
the machine is running. ^\'hile this is being done, any part 
that is not functioning properly will be noticed. 

8. Hun the machine at full speed for a few minutes. Check 
the speed of the cylinder. Sec that all belts are tight enough 
to prevent slippage. If not, some parts will not run at the 
proper speed. 

The cylinder must revolve at the proper speed, to do good 
threshing. The speed of the cylinders in small threshers should 
be about 1075 R.P.M. The speed of the cylinders in large 
machines is from 750 to 800 R.P.M. The operator should 
know the speed at which the cylinder should run and be able 
to determine its exact sj)eed. To do this, an instrument known 
as a speed indicator or revolution counter should be secured 
from the manufacturer of the thresher. It is (essential that the 
cylinder be driven at the proper speed, because all the other 
parts are driven from it. If the cylinder speed slackens, the 
speed of the other parts decreases and clogging up may 
result. 

9. Have the grain fed in evenly and steadily. There must 
be no bunching on the feeder. 

10. Lubricate all parts of the machine frequently, while it is 
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in operation. Feel of all bearings often to locate any that are 
running hot. 

11. Keep constant watch on the grain. Change adjust- 
ments as required to have it well cleaned. 

Examine the straw to determine if any grain is going through 
tne machine unthreshed. Change adjustments as required to 
get all kernels threshed out of the heads. 

The adjustment of the parts mentioned in the following 
paragraphs should be changed, as required, to get a satisfactory 
job of threshing and cleaning. 

(a) Straw Grate . — The straw grate at the rear of the 
cylinder is adjustable in some machines. It should be kept 
as high as it can be and still let the straw pass through 
freely. The grain is separated from the straw better with 
the grate high. 

{h) Beater . — The operator should make sure that the 
beater is well secured to the shaft on which it is mounted. 
The set screws securing it to the shaft should be kept tight. 
Home machines provide a means by which the beater can be 
raised to a higher position for threslung very tough grain. 

The beatc'r should be exactly centered between the two 
sides of the machine. 

(c) Straw Rack. —To do good work, the straw rack must 
vibrate at the proper speed. This varies on different 
machines, but an average rate is 200 vibrations per minute. 
The belt driving it must be kept tight and no slippage per- 
mitted. The bearings of the crank and pitmans must be 
adjusted properly or knocking and pounding will result. 
Both pitmans must be of the same length or the straw rack 
will be twisted out of shape. 

(d) Grain Pan . — Grain is sometimes lost between the 
sides of the machine and the grain pan. Shields or canvas 
coverings are used to prevent this. They should be care- 
fully watched to see that no leaks of grain occur. 

(e) Chaffer . — The sieve of the chaffer should be opened 
wide enough to let all the good grain through to the sieves 
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in the fanning mill. Any grain that passes over the chaffer 
is either lost entirely or else drops through the sieve of the 
chaffer extension and returns to the cylinder through the 
tailings elevator. 

(/) Chaffer Extenswn. — The; openings in the chaffer 
extention should be made much larger than those in the 
chaffer. 

(g) Fanning Mill: Sievea . — The position or angle of the 
sieves used in the cleaning shoe is adjustable, as is the size 
of the openings in the sieve itself. The size of the opening 
should be large enough to let all the grain through readily. 

The sieve is usually placed in the shoe with a slight 
angle downward toward the fan and grain auger. Under 
favorable conditions the sieves can bo placed nearly level. 

The more nearly level the sieve is, the less readily large 
particles of chaff and dirt fall through the screens, h^or 
cleaning dirty grain, a heavier blast of air can be used 
without blowing the grain out, if the sieves are set with the 
front end low and the rear end high. 

(//) Fail Board . — The tail board, at the end of the chaffer 
extension, should be raised, if necessary, to prevent the grain 
from being blown out into the stacker. 

(f) Air Blast . — The amount of air used can be regulated 
by raising or lowering the doors at the side of the fan 
housing. 

The fan must be kept tight on the fan shaft, and the fan 
belt must not slip. If the fan does not run fast enough, the 
threshed grain is often found to be dirty. 

The blast of air should be strong enough to carry off 
all the chaff, but not so strong as to blow away the kernels of 
grain. It should be ('(jually strong on all parts of the sieves. 
To get an even blast, the doors on each side of the fan 
housing must be opened equally. 

0) Weed Screen . — Screens function in a manner oppo- 
site to the sieves. The openings in the sieved are large 
enough to allow the good grain to pass through. The open- 
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ings in the weed screens are very small; they exclude the 
good grain but allow the small weed seeds to pass through. 

Weed screens are clamped in the bottom of the shoe. 
They arc not adjustable. Weed seeds and other foreign 
matter (called screenings) fall through the screen to the 
ground. 

COMMON TROUBLES 

Some of the more common threshing troubles, with their 
causes and remedies, are given below. 

1. Cracked or Broken Kernels. 

Causes. — (a) Uneven spacing between cylinder teeth and 
concave teeth. 

(b) End play in cylinder. 

(c) Cylinder running too fast (particularly in very dry 
grain). 

(d) Uneven feeding. 

(e) Too many rows of concave teeth. 

(/) Concaves set too close to cylinder. 

(g) Threr,hed grain returns to the cylinder and is cracked 
when Hithreshed. 

Grain that is properly threshed may return through the 
tailings elevator if the openings in the chaffer and chaffer exten- 
sion are not large enough. (See trouble No. 3 below.) 

2. Grain is not Threshed from Heads Properly. 

(a) Cylinder speed too slow. 

(h) Not enough rows of concave teeth. 

(e) ("on caves set too wide. 

(d) End play in cylinder shaft. 

(e) Worn concave teeth or worn cylinder teeth. 

(/) Feeding too fast. 

(^) Tough or wet straw. 

The remedy for each of the above is implied in the cause of 
the trouble. Feeding the cylinder reejuires care and constant 
attention. The grain should be fed in with the bundles lying 
straight. The heads should enter the cylinder first. Too 
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rapid feeding or bunching the bundles on the feeder web or rad- 
dle may clog up the machine. 

3. Too Much Tailings. — (Tailings elevator returns too much 
material to the cylinder.) 

(o) Overloading (feeding too rapidly). 

(b) Speed too slow. 

(c) Too many rows of concave teeth, or concave teeth set 
too close. This chops up the straw, and a heavy load is thus 
placed on the chaffer and sieves. Much of this returns through 
the tailings elevator. 

(d) Too strong an air blast. (This will cause much of the 
grain to be blown into the tailings auger and returned to the 
cylinder.) 

(c) Openings in chaffer and shoo sieve too small. To 
remedy, correct Avhichever one of the above causes is responsible 
for the trouble. 

4. Grain is not Well Cleaned. 

(a) Openings in chaffer sieve or shoe sieve too large. This 
allows many particles of foreign matter, joints and pieces 
of straw, etc., to pass through the sieve openings and reach the 
grain auger with the gi’ain. 

(?)) Air blast not i)roi)erly adjusted— enough wind must 
be used to blow ou( th(‘ chaff. The; curient of air must be 
directed against all the under surface of the shoe sieve, not 
against the center [wriion only. An adjustable windboard is 
provided in some machines for t his purpose. 

(c) Agifixtion (shake) of (he shoe not sufficient, due to a 
slipping b('It or shoe pitmans not properly adjusted. 

(d) AA'eed seeds in the grain. 'Phis is caust^d by the weed 
screen’s not being in its jiroper place in the bottom of the shoe; 
or, as often hapi)ens, the weed screen may become plugged up. 
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CIlAPTOli XI 

TRACTORS 

Farm tractors were first generally used in the opening years 
of this century on the large grain farms of the West. The 
work required of them was chiefly plowing and harrowing. 
These first tractors were heavy and cumbersome, not suited 



Courtesy of Gilson Manufacturmg Co. 

Fig. 229. — Garden cultivator. 


to the small farm. The cost of such large plowing outfits was 
too high for the average fanii owner. 

Tractor manufactuers soon began producing 'machines of 
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smaller size, lighter in weight and more easily controlled. The 
farmer demanded a tractor adapted to his farm, one that would 
economically pull a two- or three-bottom plow, an 8-ft. binder 
or disk harrow, etc. Manufacturers continued their improve- 
ments and have now made tractor power available for many other 
farm operations, such as mowing, harvcisting, seeding, planting, 
and cultivating. The problem of adapting the tractor to culti- 



Courtthy of Central Tractor Co. 

Fio. 230. — Small farm tractor. 


vating was particularly difficult. Much definite progress has 
been made, and tractor cultivating has in many cases substan- 
tially cut production costs. Tractor cultivating is rapid, as 
two-, three-, or even four-row cultivators are used. 

As a source of belt power, the tractor has been very useful. 
It is used for an almost endless list of farm jobs requiring belt 
power. 

Along with the development of tractors for farming has 
gone the work of adapting them to industrial uses, with the 
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result that tractors arc now widely used in industry as well as 
in agriculture. 

The tractors used in agriculture may be divided into three 
classes, as follows: 

1. Garden cultivators. 

2. Small or auxiliary farm tractors. 

3. Farm tractors. 

The engine of the garden cultivator has a single cylinder. 
The power rating of the engines in this class is from 1 to 4 belt 



CouTleny of Cleveland Tractor Co. 


Fig. 231. — Track-laying type of farm tractor. 

horse power. Garden cultivators arc designed primarily for 
light cultivating and are not used for plowing. They may also 
be used to operate garden tools, such as seeders, weeders, hilling 
tools, etc., and arc frequently used for lawn mowing. Figure 
229 shows a standard tyi)e of garden cultivator. 

Small or auxiliary farm tractors are made with single- 
cylinder, two-cylinder and four-cylinder engines. The power 
rating of machines in this class is from 5 to 10 draw-bar horse 
power. Such tractors are usually equipped with' one 12-in. 
plow, and disk harrows, spike-tooth harrows, cultivators, 
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Courtesy of International Harvester Co. 

Fio. 232. — Farm tractor with two-row cultivator. 



Courtesy of Ford Motor Co. 


Fkj, 233, — Farm tractor fillinfi a silo, 
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sprayers, etc., may be used with them. These small farm 
tractors are widely used on truck farms. Figure 230 shows a 
standard type of auxiliary farm tractor. 

Farm tractors are sufficiently powerful to pull two or more 
14-in. plow bottoms under average plowing conditions. Two- 
and four-cylinder engines are th(5 most common. The draw-bar 
power of this class ranges from 10 to 30 horse power. This 



CourU'sy of J I ('tine Thrt nhintf Machine Co. 


Fkj. 2‘M . — Farm tractor with l^-hottoiTi plow. 

class includes a greater variety of machines than either of the 
other two. Figure 231 shows a farm tractor of the track- 
laying type, particularly useful where the traction problem is 
difficult. Figure 232 shows a farm tractor recently developed 
for general farm work and well adapted to cultivating. Figure 
233 shows a farm tractor being used for b(dt work, and Fig. 234 
a tractor-plowing scene. 

Certain principles of construction and engine operation 
are common to all tractors. Many of the repair jobs necessary 
on the small garden cultivators are also necessary "on the large 
farm tractors. The following chapters treat briefly of these 
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basic facts. It would obviously be impossible to include in a 
book of this nature specific directions covering each make of 
tractor. 

CONSTRUCTION AND PRINCIPAL PARTS OF THE 
TRACTOR ENGINE 

1. Cylinders (Fig. 235, C).— The cylinders might be called 
the heart of th(^ engine. The fuel, which gives the engine 
power, is burned within them. Tractor engines usually have 
more than one cylinder. The cylinders may be placed vertically 
(Fig. 235, C) or horizontally. 

2 . Cylinder Head (Fig. 235, ^). — The cylinder head fits over 
one end of the cylinders. 

3 . Cylinder-head Gasket (Fig. 235, B). — The cylinder-head 

gasket is placed between the 
cylind(u* and the cylinder 
head, to make a tight con- 
nection Ix^tween these two 
parts. This gasket is made 
of thin sheets of copper 
foldcxl over a layer of as- 
b(»stos. 

4. Pistons (Figs. 23(3a and 
h and T^ig. 237). — The piston 
is a moving part. It fits into 
the end of the cylinder oppo- 
^ site to the cylinder head. It 

J.'l.,.2:ir..-Cylindor.s,rvli,>der}.c:ul ^eiy 

guaket and cylinder-head. rapidly when the engine IS 

running. Tht^ piston has four 
distinct functions (see Fig. 237, Ay By Cy D) as follows: 

(a) It draws the fuel mixture into the cylinder (Fig. 237, A). 

(h) It compresses the fuel mixture within the cylinder 

(Fig. 237, B). 

(r) It deliv(TS power from the burning fuel mixture to the 
main shaft of the engine (Fig. 237, C). 
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(d) It drives out the burned gases from the cylinder (Fig. 
237, D). 

These four operations arc performed over and over again, 
always in the same order, as long as the engine is running. The 
four strokes of the i)iston are known by the following names; 



FicJ. 236. — Piston, piston rings, wrist pin and connecting rod. 



Fio. 237. — The four functions of the piston. 


(a) Intake (Fig. 237, A). 

(b) Compression (Fig. 237, B). 

(c) Power (Fig. 237, C). 

(d) Exhaust (Fig. 237, D). 

Intake is a downward movement of the piston ; compression 




352 


TRACTORS 


is an upward movement; power is a downward movement; 
and exhaust is upward. 

6. Piston Rings (Fig. 236, c ). — The piston rings make a tight 
connection between the piston and the wall of the cylinder. 
The pistons are made slightly smaller than the cylinder, so that 
they may be able to move up and down freely. The space 
between the piston and the cylinder wall is filled by the piston 
rings so that there will be no leaks past the piston. The piston 
rings are carried in grooves cut around the piston. They are 
made of cast iron. 

6. Wrist Pin (Fig. 236, d ). — The wrist pin fastens the piston 
to the connecting rod. There is a heavy pressure on the 




Fig. 238. —Camshaft and crankshaft. 


wrist pin when the engine is running. It is made of hard 
steel and rests in a bronze bearing. 

7. Connecting Rod (Fig. 236, /).— The connecting rod 
attaches the piston to the crankshaft. It transmits the power 
from the piston to the crankshaft. A bearing of babbitt metal 
is used at the lower end of the connecting rod. This bearing 
is also under great pressure and is one of the first to wear. It 
must be well lubricated and carefully adjusted. The adjust- 
ment of the connecting-rod bearings will be studied in Chapter 
XIV. 

8. Crankshaft (Fig. 238, B ), — The crankshaft is the largest 
shaft in the engine. It is made of steel and is supported by 
large babbitt bearings. These bearings must also be given 
very careful attention (see Chapter XIV). The crankshaft 
revolves and thus changes the reciprocating (up and down) 
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motion of the piston into a rotary (turning) motion. A rotary 
motion is easily transmitted by a belt or gears. 

9. Flywheel. — The flywheel is carried on one end of the 
crankshaft. It acts as a balance and makes the engine run 
evenly. 

10. Camshaft (Fig. 238, A ). — The camshaft is connected by 
gears to the crankshaft. The revolving crankshaft causes the 
camshaft to revolve also. The camshaft carries on it raised 
pieces called cams, which open the valves, as will be explained 
later. 

11. Valves (Fig. 239, A and B ). — There arc two valves in each 
cylinder. One of these, 
called the intake valve, lets 
fresh fuel mixture into the 
cylinder. The other, calk'd 
the exhaust valve, lets the 
gases of the burned fuel 
mixture out of the cylinder. 

Both valves arc closed 
when the piston is com- 
pressing the fuel mixture 
and both are closed when 
the piston is moving down- 
ward on its power stroke. 

The valves are pushed open 
by the action of the cams and valve tappets and arc closed by 
strong coil springs. (Refer to Figs. 237 and 239). 

12. Valve Tappets (Fig. 239,6). — Each valve tappet is pushed 
up once every time the camshaft revolves. In a common type 
of engine, one end of the tappet rests against the cam and the 
other end j)resses against the stem of the valve. The adjust- 
ment of the valve tapi)ets is v('ry important and will be studied 
thoroughly in Chapter XI^^ (Ref(*r to Fig. 239, A, B and C.) 

13. Timing Gears (Fig. 240). — The timing gears connect the 
ends of the crankshaft and the camshaft. The timing-gear 
attached to the crankshaft is always half the size of the gear 



Fk;. 239. — Valves, and valve action. 
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on the camshaft. This causes the camshaft to turn at one-half 
the speed of the cranksliaft. When two gears are meshed 
together the smalk^r gear turns the faster. The timing gears 
must be meshed together at a certain point and are usually 
marked for this purpose. The setting of these gears determines 
the time in the piston stroke when the valves will open. The 
method of setting these gears will Ixj studied in Laboratory 
Study No. 2(3. 

14. Crankcase (Fig. 241). — The crankcase encloses the 
crankshaft and covers the bottom of the engine. It forms a 
tank or reservoir and holds the main oil supply for the engine. 
On four-cylinder engines the crankcase usually has four small 



Fig. 240. — Timing gears. Fkj. 241. — Crankcase. 


troughs (Fig. 211, r). The connecting rods dip into these 
troughs and splash the oil to all parts of the engine. Usually 
there are pet^cocks or a gaiigi' placinl on the crankcase, so that it 
is possible to tell how much oil th(*re is inside of it (Fig. 241, b). 

16. Governor. — The governor regulates the speed of the 
engine and prevcuits it from running too fast. It is driven by 
the motor and ri'gulates the engine spcK^d by increasing or 
decreasing the amount of fuel mixture entering the cylinders. 

16. Water Jacket. — The water jackcT, is the space between 
the cylinder and the outer wall of the engine. This space 
must be kei)t full of water. When the engine is running 
the water circulates through this space, thus keeping the 
engine cool. 
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LABORATORY STUDY NO. 23 

To remove the crankcase and locate and examine the parts 
of the engine. 

Equipment Necessary. — Any complete tractor engine. The 
engine need not be in running condition, but all the parts should 
be in their proper positions. 

Procedure. 

1. Drain the oil from the crankcase. 

2. Remove the crankcase from th(' engine. 

3. Examine the crankshaft aiul answer the following ques- 
tions. 

(a) How many crankshaft bearings do you sec‘? 

(b) How is the flywheel fastoiuni to the crankshaft? 

(c) How docs the oil get into the crankshaft bear- 

ings? 

4. Examine the crankcase and answ^er the following (p](‘s- 
tions: 

(a) What kind of an oil-level gauges is us(‘d? 

(b) How high should the oil level hi) on tJu^ inside of the 

crankcas(^? 

(c) Do you find an oil straim^r in this crankcase? 

5. Find the oil jniinp and answer t he following (piestions: 

Note. — Some tractors do not have an oil pump. 

(a) What drives the oil pump? 

(5) Is it a plunger type or gear type of pump? 

(c) Does the pump force ttu; oil to tlu^ troughs in the 

crankcase? 

(d) Locate all the oil pipes and tell what parts of the 

engine they lead to? 

6. Examine the camshaft and answer the following (jues- 
tions : 
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(a) How many cams do you sec? 

(b) Oank the engine and see how many times you have 

to turn the crankshaft to make the camshaft turn 
around once. 

(c) How many bearings does the camshaft have? 

(d) What parts do the cams move? 

7. Examine the connecting rods and answer the following 
questions : 

(а) How are the connecting rods attached to the crank- 

shaft? 

(б) What would happen if a connecting rod should come 

loose when the engine was running? 

(c) What is the purpose of the small dipper or scoop on 
the end of each connecting rod? 

Note . — In tractors wdiere oil is forced to all parts, this 

scoop is not used. 

8. Make sure that all the connecting-rod bolts are tight and 
secured with a cotter pin. 

9. h^xarnine the crankcase gasket. If it has been broken 
or torn, a new one should be used. If a new one is not at hand, 
cut one out of a sheet of heavy paper. Rub both sides of the 
gasket well with oil or grease. 

10. Replace the crankcase and tightem all the bolts. 
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LABORATORY STUDY NO. 24 

To remove the cylinder heaxl and locate and examine parts 
of the engine. 

Equipment Necessary. — Same as for Laboratory Study 
No. 23. 

Procedure. 

1 . Drain the water from the radiator. 

2. Loosen all connections between the cylinder head and the 
radiator. 

3. Take out all cylinder bolts and remove the cylinder 
head. Be careful not to break or tear the cylinder-head 
gasket 

4. Locate the valves and answer the following questions: 

(а) Are the valves in the cylinder head or are they in 

the same casting with the cylinders? 

(б) Which are the intake valves and which are the 

exhaust valves? 

(c) What closes the valves.?^ 

(d) Name all the parts that act to open the valves. 

(e) How would dirty valves affect the running of the 

engine? 

5. Locate the water-jacket space around the cylinders. 

(a) How docs the water pass from the water jacket into 

the cylinder head? 

(b) Does this water pass through the cylinder-head 

gasket? 

6. Crank the engine until No. 1 piston (the one nearest the 
crank) is at the top end of the cylinder. This point is called 
“ top center.^' Now crank the engine until No. 1 piston is at 
the bottom end of the cylinder. This point is called bottom 
center. 
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(a) How far docs the piston travel in moving from top 
center ” to “ bottom center ”? This distance is 
called the stroke ” of the piston. 

7. Examine the cylinder-head gasket carefully. Clean it 
off well with sandpaper. If it is broken, dented, or burned, it 
must be replaced with a new one. Grease both sides of this 
gasket well and put it in place on the cylinders. Shellac may 
be used on the cylinder-head gasket instead of grease. 

8. Replace the cylinder head. Tighten down all the 
cylinder-head nuts evenly. Draw down each nut a little at a 
time until all are tight. Do not draw one nut completely tight 
and then go to the next one. 

9. Make all connections tight between the cylinder head 
and the radiator. 

10. Refill the radiator. Watch for water leaks. Tighten 
the connections where any leaks are noticed. A slight water 
leak will gradually “ take up and stop leaking. 

Note. — Sometimes, in order to g('t the cylinder head tight, it 
is necessary to run the engine and get it warm. Then the cylin- 
der-head nuts can be given a final tightening while the engine 


IS warm. 
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LABORATORY STUDY NO. 26 

To deterinino: 1. How the fuel mixture is drawn into the 
cylinder. 

2. How the fuel mixture is compressed. 

3. How the burning fuel mixture forces tlie pis- 

ton down on its power stroke. 

4. How the burned gases of the fuel mixture are 

driven out of the cylinder. 

Equipment Necessary. — An 3 ^ tractor engine that is in run- 
ning condition. An engine with the spark plug directly over 
the piston is desirable. With such a motor it is easy to find the 
position of the piston by putting a measuring rod down through 
the spark-plug hole. For this problem, onl^^ one cylinder 
should be studied. 

Procedure. 

1. C'rank the engine until the (*xhaiist valve in No. 1 cyllnd(‘r 
just closes. This places No. J piston on or very near top 
center.” 

2. Hold your hand over th(‘, air intake of the carburetor 
(Fig. 242, C). It may be necessarj^ to disconnect the air pipe 
from the carburetor. Have' some one crank the motor (quickly 
for just one half turn. During this half turn 3 ^ou will see the 
intake valve open and feel the suction of the piston on your 
hand. This stroke of the piston draws the fuel and air past 
the open intake valve into the cylinder. The j)iston moves 
away from the cjdinder head on this stroke (h'ig. 237, A), 

3. Give the crank another half turn. It cranks harder 
during this half turn. Both valves are closed. This stroke of 
the piston compresses tlie fuel mixture' and is called the com- 
pression ” stroke. The piston mov(*s toward the cylinder head 
on the compression stroke (Fig. 237, B). 

4. Give the crank another half turn. Watch the valves. 
Does either valve open? The piston moves away from the 
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(c) Why are both valves closed on the compression stroke 

of the piston? 

(d) Why are both valves closed on the power stroke of 
the piston? 

9. Remove the case that covers the timing gears. 

10. Pull the camshaft (large timing gear) forward just so far 
that it is out of mesh with the crankshaft gear (small tim- 
ing gear). 

11. Turn the crankshaft until the piston in No. 1 cylinder 
(nearest the crank) is in the same position as it was when the 
exhaust valve closed in Step No. 7 in this problem. (This 
will be on or very near top center.) 

12. Turn the camshaft in the proper direction (opposite 
direction to that of crankshaft) until the exhaust valve just 
closes. 

13. Mesh the two gears together, being careful not to let 
either one turn out of position. 

14. Now crank the engine until the timing marks on the 
gears come tog(4.her (Fig. 240). If these marks line up prop- 
erly, your work is correct. If they do not, repeat the work again. 

Note . — The student should practice this timing exercise until 
he can mesh the gears correctly without depending on the 
marked teeth. 
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LABORATORY STUDY NO. 27 

To determine the causes of poor compression. 

Equipment Necessary. — The following parts of any tractor 
engine. 

1. Cylinder. 

2. Cylinder head. 

3. C\vlinder-head gasket. 

4. Piston. 

5. Piston rings. 

6. l^^xhaust valve. 

7. Intake valve. 

8. Valve springs and retainers. 

Only one cylinder need be studied in this problem. 

Procedure. 

1. Put the cylinder liead and cylind(‘r-hea(l gasket in place 
on the cylinder. Draw it up tight . 

2. Put the piston rings on the jnston. 

3. Rub the piston, piston rings, and eylindcT wall with oil. 

4. Put the valves in their prop(‘r places and have them 
both closed tightl 3 ^ 

5. Push the piston into the cylinder and notice how strong 
the compression feels. Try this several times, then pull the 
piston out of the cylinder. 

6. Hold the intake valve slightly open and push the piston 
into the cylinder again. Is there good, strong compression 
now? Pull the i)iston out again. 

7. Hold the exhaust valve slightly open. Push the piston 
into the cylinder. How is the compression? Pull the piston 
out. 

8. Ijoosen the nuts that hold the cylinder head until the 
cylinder head and gasket are not tight against the cylinder. 
Push the piston into the cylinder and test the compression. 
Pull the piston out and tighten the cylinder head down again. 

9. Wipe piston, piston rings, and cylinder thoroughly dry of 
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oil. Push the piston into the cylinder and test the compression 
a'gain. Pull the piston out. 

10. Remove the piston rings. Push the piston into the 
cylinder and test the compression. 

Questions : 

(a) Name five troubles that cause leaks of compression. 

(b) Why does weak compression make the engine run 

badly? 

(c) What compresses the gas in the cylinder? 

(d) Do the piston rings ever wear out? 

(e) Why must the piston be well oiled? 

(/) How does an open valve affect the compression? 

FUEL AND CARBURETION SYSTEM 

The fuel burned in tractor engines is usually gasoline or kero- 
sene. Enough for several hours’ work must be carried on the 
tractor. It must be kept very clean and bo carefully strained 
before it enters the engine. Before the fuel can be burned in the 
cylinder, it must be changed from liquid to vapor. The fuel 
vapor must then be mixed with a certain amount of air. Tests 
show that the right proportions for this mixture are about 15 
parts of air to 1 of gasoline. If this proportion is changed very 
much, the fuel mixture will not burn readily and the engine will 
lose power. 

Tractors work in the dusty fields. If dusty air were drawn 
directly into the cylinders, the engine would soon be worn out. 
The air to be mixed with the fuel vapor must first be washed or 
strained. 

The parts of the fuel and carburetion system that accom- 
plish these things are described in the paragraphs that follow. 
Carburetors will be carefully studied in C'hapter XII also. 

1. Fuel Tanks (Figs. 242, k and I ). — The fuel tanks are 
usually made of galvanized iron. There are two tanks, or two 
compartments in one tank, the smaller one for gasoline and the 
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larger for kerosene. Gasoline is used to start the engine. 
When the engine has been warmed up, kerosene can be used. 
The engine cannot be started on kerosene. 

2. Fuel-tank Valves (Fig. 242, j). — The fuel-tank valves 
are directly below the tanks. They may be closed to shut off 
the flow of fuel from the tanks to the carburetor. Most tractors 
have two of these shut-off valves, one under the gasoline tank 
or compartment, and one under the kerosene. 

3. Fuel Pipes (Fig. 212, /i). — The fuel pipes are small copper 



tubes. They allow the fuel to flow from eitJier tank to the 
carburetor. 

4. Sediment Bulb (Fig. 242, i ). — The sediment bulb is a 
small bowl containing a fine wire strainer. All the fuel must 
pass through this strainer, which removes all dirt and sediment. 
The sediment bulb is constructed so that any water that may 
be in the fuel will gather in the bottom of the bulb and may 
be drawn off by the drain cock. 

6. Filler Caps (242, rn and n). — The filler caps screw into the 
top of each tank. The fuel is poured in through them. Each 
filler cap has in it a small air hole, which must be kept open. 
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If the air holes become closed the fuel will not flow down to the 
carburetor. 

6. Carburetor (Fig. 242, d ). — The carburetor has three dis- 
tinct functions: 

(o). To change the liquid fuel to vapor. 

(Jb) To mix the fuel vapor with air. 

(c). To keep the fuel vapor and air in the right proportion. 

Liquid fuel and air enter the carburetor; a mixture of fuel 
vapor and air leaves it. The carburetor and its various parts 
and adjustments will be studied in Chapter XII. 

7. Throttle (Fig. 240, c ). — The throttle is a small disk in the 
carburetor, where the carburetor is attached to the intake pipe. 
This may be closed or opened to n^gulate the amount of fuel 
mixture entering the cylinders. In this way, the setting of the 
throttle controls the speed of the engine. The throttle is oper- 
ated by the driver of the tractor, by means of a small lever 
placed near his scat. 

8. Governor. — The governor is made up of two small 
weights, which spread apart as the motor speed increases. 
The spreading apart of these governor weights is adjusted by 
springs. The weights are connected by a small rod to the 
throttle in the carburetor. Thci action of the governor weights 
automatically regulates the throttle and causes the engine to 
maintain a uniform speed. 

9. Air Cleaner (Fig. 242, h ). — The air cleaner removes dust 
from the air entering the carburetor. There are many dif- 
ferent kinds of air strainers. In some the air is passed 
through or over water; in others it is filtered through oil or 
drawn through a very fine screen. 

10. Intake Pipe (Fig. 242, e).- Tlio intake pipe carries the 
fuel mixture from the carburetor to the cylinder. 
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LABORATORY STUDY NO. 28 

To locate and examine the various parts of the fuel and 
carburetion system. 

Equipment Necessary. — Any tractor engine in which all 
parts of the fuel and carburetion system are in place. 

Procedure. 

1. Examine the fuel tanks and answer the following ques- 
tions : 

(a) llow many tanks are used? 

(b) Is then' an air-vent hole in the filler cap? 

(c) Is there a sliut-off valve under each tank? 

(d) Why are the fuel tanks higher than the carburetor? 

2. Locate the sediment bulb and open the drain cock at the 
bottom of it. 

(«) Is there a strainer or screen in this sediment bulb? 

3. Take off the fuel pipes between the tanks and the car- 
buretor. 

4. C'lean these pipes carefully and replace them. Be sure 
that all nuts on the fuel pipes are tight, so that the fuel will not 
leak out. It is a good plan to cover the threads on the joints 
in the fuel pipes with soap. This will make a good tight 
connection. 

5. Trace the path of the air from the point where it enters 
the air strainer, to the carburetor. 

6. Disconnect the carburetor from the intake pipe, and 
answer the following questions : 

(а) Why is a gasket used at this connection? 

(б) What would be the result of a loose connection at 

this point? 

7. Connect the carburetor carefully to the . intake pipe. 
Use a new gasket if the old one is not in perfect condition. 
Oil or shellac this gasket. 
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8. Locate the drain cock at the bottom of the carburetor. 
Why is this at the lowest i)oint in the carburetor? 

IGNITION SYSTEM 

The word ignition is derived from the Latin word ignis, 
which means fire. The ignition system provides a means of 
setting fire to the fuel mixture inside of the cylinder. Elec- 
tricity is used for this purpose in tractors, because it is very 
dependable and can be accurately controlled. 

The electricity for ignition may be generated in two ways, 
by a battery or by a magneto. 

1. Batteries. — A battery is a group of cells. One cell is 
shown in Fig. 251, a. Such cells generate electricity by the 
chemical action of certain elements within them. There are 
two kinds of battery colls in general use. 

(a) Dry-cell Batteries , — Such batteries are called dry 
because the cells contain no liquid. They do not last long and 
must be thrown away when they arc used up, but they are the 
cheapest in first cost. 

(h) Storage Batteries . — A battery of this type is quite large 
and heavy. It is made of two kinds of lead plates and is filled 
with dilute sulphuric acid. When a storage battery has run 
down it may be nmewed. To do this it is necessary to pass 
a current of electricity through the battery for several hours. 
This process is calknl charging the battery.'^ Storage bat- 
teries arc much more expensive than dry-cell batteries in first 
cost, but they last much longer. 

Batteries are not often used on tractor engines. Storage 
batteries are commonly used in automobiles because they will 
furnish light for night driving, power for cranking the engine 
by means of the self starter, and current for sounding the horn, 
as well as electricitj^ for ignition. 

2. Magneto. — The magneto is a small, compact machine, 
driven by the engine (Fig. 256). It generates electricity when- 
ever the engine is running. It is very dependable, and if 
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given good care will last as long as the engine to which it is 
attached. The magneto is a very important part of the tractor. 
If it ever fails, the engine will stop at once. Every student 
who wishes to become a good tractor operator must study the 
magneto thoroughly. All of (chapter XIII will be given to the 
magneto and the ignition system. 

3. Ignition Wires. — (bpper wires carry the electricity from 
the magneto or battery to the cylinders of the engine. Copper 
is used because electricity flows through it very easily. These 
copper wires are wrapped with a covering of cotton, silk, or 
rubber. Such materials are called “ Insulators ” or “ Insula- 
tion.” They prevent the electricity from leaking out of the 
wire into any metal that the wire might touch. The wires that 
carry the current to th(', cylinders are heavily insulated, as this 
current is under a very high electrical pressure and would easily 
break through a thin insulation. 

4. Induction Coils. — In some engines there is a device 
called an “ induction coil ” between the magneto or battery 
and the cylinder. The induction coil transforms the current 
coming from the magneto or battery into a current of much 
higher electrical voltage (f)r('ssure) l)efor(^ it g(x^s to the cylinder. 
Induction coils will l)e explained further in (Chapter XIII. 

Ignition s^'stems that do not use induction coils transform 
the electricity into a current of high voltage within the magneto 
itself. Magnetos of this type are known as “ high-tension 
magnetos.” 

6. Spark Plugs. — The spark plug causes the electric current 
from the magneto or battery to make a spark. It is this spark 
that lights the fuel mixture. Each cylinder has one spark plug. 
The bottom part of the spark plug has two small wires, called 
“electrodes.” Between these electrodes there is a small air 
space or gap. The electric current, because it is under high 
voltage (pressure), jumps across this gap, thus making a spark. 
Figure 257 shows a cross section of a spark plug. 
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LABORATORY STUDY NO. 29 

To see and test the spark. 

Equipment Necessary. — Any tractor engine with a high- 
tension magneto, complete with wires and spark plugs. (Drain 
the fuel out of the carburetor to be sure the engine will not 
start, and remove all but one spark plug so that the engine 
will crank easily.) 

Procedure. 

1. Disconnect the wire from the one spark plug left in the 
cylinder. Hold the end of the wire \ in. away from the metal 
of the engine. (Do not let the hand touch a part of the wire 
that is not insulated.) Oank the engine rapidly and w^atch 
the spark jump across this J-in. air space. Hold the wire ^ in. 
away and try it again. Does the spark jump in.? The spark 
should be strong enough to jump I in. 

2. Take out the spark plug and lay it down on top of the 
engine. Be sure that the bottom (not the top) of the plug 
touches a metal part of the engine. Connect the spark-plug 
wire to its proper place at the top of the plug. 

3. ('rank the engine and watch the spark jump between 
the electrodes of the plug. 

4. Detennine, as nearly as possible, what position the 
piston is in when the spark occurs. Is it near top center or 
bottom center? 

5. Replace the spark-plug wire with an old wire from which 
a strip of the insulation has been removed. Let the bare part 
of this wire rest against a metal part of the engine. 

6. Orank the engine again and see if there is a spark between 
the electrodes of the plug. A condition like this is called a 
“ short circuit.’^ 

7. Replace the spark plugs in the cylinders and attach the 
wires in their original position. 
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LUBRICATION SYSTEM 

Wherever two moving parts of a machine rub together, 
wearing or friction occurs. Friction causes a loss or waste 
of useful power. Friction cannot be eliminated entirely but it 
must be reduced as much as possible. Lubrication or oiling 
is the best method of reducing friction. 

All the moving parts of a tractor must be carefully lubricated, 
with just the right kind of oil or grease. The kind of lubricant 
to use depends upon the following factors: 

1. How fast the parts move. 

2. How closely the parts are fitted. 

3. How much strain or pressure the parts are subject to. 

4. How much heat the j)arts are subject to. 

The engine parts arc very closely fitted. They move fast, 
are under heavy strain, and get very hot. Consequently, they 
must be lubricated with a high-grade, light oil, refined esi)ecially 
for this purpose. The gears and shafts in the transmission and 
differential are lubricated with a heavy oil or semi-fluid grease. 
These parts move more slowly and do not get as hot as the 
engine parts. The tractor wheels are lubricated with a heavy 
grease. These parts move slowly and will not get hot if given 
plenty of grease. 

1. Lubrication of Engine Parts. — The oil for the pistons, 
cylinders, bearings of the connecting rods, crankshaft and cam- 
shaft, valve tappets, and all internal parts of the engine is car- 
ried in the reservoir at the bottom of the crankcase (Fig. 241). 

There are two commonly used methods of distributing the oil 
from this reservoir to the engine parts. Most farm tractors have 
a pump which pumps the oil from the bottom of the crankcase 
to the troughs shown in Fig. 241 c. The connecting rods dip 
into these troughs and si)lash the oil to all parts. This is known 
as the “ circulating-splash system.’’ In other engines, the oil 
pump forces the oil directly to all parts. This is called the 
“ force-feed ” system. 

It is necessary to have just the right amount of oil in the 
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crankcase. Too much oil will cause the engine to give off white 
smoke at the exhaust. The inside of the cylinders, the valves, 
and the spark plugs will become covered with carbon very 
quickly if there is too much oil. 

Too little oil will cause the motor to overheat, lose power, 
and wear rapidly. Because it is so important to have just the 
right amount of oil in the engine, oil gauges are provided on 
most engines. These gauges show the level of the oil in the 
crankcase. The level of the oil should always be tested before 
starting an engine. This test cannot be made accurately when 
the motor is running (see oil petcocks on the crankcase. Fig. 
241, 6). 

2. Lubrication of Transmission. — The transmission must 
also be kept supplied with just the right amount of lubricant. 
If too much is used, some of it usually leaks out and is wasted. 
In some tractors this oil may leak on to parts that should not 
be lubricated and cause trouble. An insufficient amount of 
transmission oil will cause rapid wear and heating of the trans- 
mission shafts, gears, and bearings. In order that the proper 
amount of transmission oil may be kept in the tractor, a remov- 
able plug is usually screwed into the transmission case, and the 
oil level should be kept up to this plug (Fig. 245, ^). 

3. Lubrication of Differential. — Hie amount of oil in the 
differential casing must also bo just right. Too much will mean 
a waste of oil and may bring more serious trouble. Too little 
will cause overheating and rapid wear. 

An oil-level plug is also provided in the differential so that 
just the proper amount of oil may always be put in (Fig. 
245, g). 

In some tractors the transmission and differential are con- 
tained in the same housing and are lubricated from the 
same oil supply. In this case, one oil-level plug only is needed. 

4. Lubrication of Wheels and Axles. — The wheels and axles 
are usually provided with screw-cap grease cups. These caps 
are filled with grease and screwed down. This forces the grease 
into the bearing. Such grease caps should be screwed down one 
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or two turns every few hours while the machine is in opera- 
tion.^ 

The hub caps of the front wheels on most tractors are made 
to serve as a grease cup. They must be kept well filled with 
grease, not only because this makes the wheels turn easily, but 
also because it prevents dust and grit from getting in and wear- 
ing out the wheel bearings (Fig. 265). 

6. Lubrication of Steering Arms and Joints.— The steering 
arms or joints and all other external parts that move or pivot 
should be oiled frequently. A hand oil-can may be used for 
this purpose. The same oil that is used for the crankcase of the 
engine is the most convenient for the purpose. A cheaper oil 
will be satisfactory if it is available. (See Fig. 204.) 

6. Lubrication of Clutch-shifting Yoke.— The clutch-shifting 
yoke (Fig. 214, b) attaches the clutch-shifting pedal to the 
clutch. This must be well lubricated, as there is apt to be much 
wear at this point. In some tractors this yoke is lubricated with 
grease, and in others it runs in oil. If grease cups are used to 
lubricate the clutch yoke, they should be turned down every 
few hours while the tractor is running. 

When gasoline is used for fuel, all the oil in the crankcase of 
the engine should be drained out, and fresh oil put in, once 
every sixty hours of operation. If kerosene is used, the oil 
should be changed every forty hours. The oil in the trans- 
mission and differential need not be changed so often, (.’hang- 
ing this once every thirty days should be sufficient. In some 
tractors, however, this oil will last much longer. It is well 
to test the oil frequently to see if it still retains its lubricating 
quality. If it is soft and “ buttery it is still good. If it is 
light and feels like kerosene it should be changed immediately. 

* Many tractor manufacturers have now adopted the high pressure 
lubrication system, described in C'hapter II, or some similar system. 
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LABORATORY STUDY No. 30 

To lubricate all parts of the tractor. 

Equipment Necessary. — Any tractor that is in running 
condition. All the oil should be drained out of the engine crank- 
case, differential case, and transmission case. All grease cups 
should be emptied and cleaned. The purpose of this problem 
is to give the student an opportunity to go through every step 
in lubricating the entire tractor. 

Procedure. 

1. Find the oil-level indicator on the crankcase of the engine. 
Pour in motor oil through the oil-filler pipe until the oil-level 
gauge on the crankcase shows the proper level. 

(a) How much oil does this require? 

2. Find the oil-level plug on the transmission. Pour in 
transmission oil until it runs out of this plug. 

(a) How much transmission oil is required? 

3. Find the level plug on the differential. Pour in oil 
through the filler plug until it runs out of this plug. How much 
is required? 

Note . — In some tractors the transmission and differential 
receive the oil from the same supply. In this case only one 
level plug and one filler plug is provided for both. 

4. Find all the grease cups on the tractor and fill the grease- 
cup caps with grease. Put them on and give each one several 
turns. 

Make a list of all the places that grease cups lubricate. 

5. Find all the places that should be lubricated with a hand 
oil-can, and oil them. 

Make a list of all places where a hand oil-can should be 
used. 

6. Tell how the valve stems are lubricated. 

7. Answer the following questions: 
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(а) How often should the engine crankcase be drained 

of oil and refilled with fresh oil? 

(б) How often should the oil in the transmission be 

changed? 

(c) How often should the oil in the differential be 

changed? 

(d) What will be the result of having too much oil in the 

engine crankcase? 

(e) What will be the result of having too little oil in the 

engine crankcase? 

(/) What will be the result of having too much oil in the 

transmission or differential? 

(g) What will be the result of having too little oil in the 

transmission or differential? 

(h) How is clutch-shifting yoke lubricated? 

COOLING SYSTEM 

When the fuel mixture is compressed and burned within the 
cylinders, an intense heat is set up. Just after the spark occurs 
and the fuel mixture catches fire, a temperature of 3000° F. 
or more is reached. If this heat were not quickly conducted 
away, the oil on the })istons and cylinders would burn up, the 
pistons would stick, and the engine would stop. 

Water is used in most engines to carry away this heat. The 
water must circulate and be kept cool or it would soon boil 
away. 

The parts of the system that keep the water cool and cause 
it to circulate around the cylinders are given below. 

These parts are all shown in Fig. 243, and the course of the 
circulating water is indicated by the arrows. 

1. Water Jacket. — The water jacket is the space surround- 
ing each cylinder. This space is kept full of water. The heat 
on the inside of the cylinder passes through the walls of the 
cylinder to the water in the jacket. 

2. Radiator Intake Pipe (Fig. 243, E ). — The radiator intake 
pipe connects the water jackets of all the cylinders to the top 
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of the radiator. In some engines this radiator inlet is a metal 
pipe, and in others it is a rubber hose. 

3. Radiator (Fig. 243, A).— The radiator carries off, or 
“ radiates,” the heat from the cooling water. It must keep the 
water from boiling. The top of the radiator is in the form of a 
tank or reservoir (li). There is also another tank at the bottom 
of the radiator (C). These two tanks are connected by a very 



large number of metal tubes or cells. This peculiar construc- 
tion causes the water to touch a large amount of metal, which 
absorbs the heat from the water. 

4. Radiator Outlet Pipe (Fig. 243, D).— The radiator outlet 
pipe connects the bottom tank of the radiator to the bottom of 
the water jacket. 

6. Fan (Fig. 243). — The fan is used in connection with the 
radiator to keep the water cool. It is driven by the engine and 
revolves very rapidly, drawing a current of air through the radi- 
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ator. This current of air carries the heat away from the metal 
tubes or cells of the radiator, thus helping to keep the water 
cool. 

Figure 243 shows how the water circulates through the 
cooling system. As soon as the engine is started, the water 
in the water jackets becomes heated. Water, when heated, 
rises. The water in the jackets rises, therefore, and flows up 
through the radiator inlet pipe to the top part of the radiator. 
This hot water is replaced by cool water, which flows from the 
bottom of the radiator through the radiator outlet pipe or hose 
to the bottom of the jacket. 

The circulation of the water, then, is as follows: up from 
the water jacket, through the radiator inlet pipe to the top of the 
radiator; down through the radiator, when^ it is cooled, to the 
bottom of the radiator; back through the radiator outlet pipe 
to the bottom of the water jacket. 

The radiator must be kept full whenever the engine is run- 
ning, or the water will not circulate. Whenever there is danger 
of freezing, all the water should be drained out of the cooling 
system when the tractor is not in use. If the water should 
freeze in the engine it would crack the water jackets or cylinders. 

The cooling system described above is a simple one. It is 
known as the thermo-syphon system. Many tractors have 
a water pump as a part of the cooling system. The water 
pump forces the water to circulate and gives a surer circulation 
than the “ thermo-syphon system, which depends on heat 
alone. 


CLUTCH 

The clutch is a device used on tractors to connect and dis- 
connect the engine and the transmission. When the clutch is 
thrown out (disengaged) the engine is free to run without turning 
the shafts in the transmission. When the clutch is in (engaged) 
the engine is directly connected to the transmission. 

A simple type of clutch is shown in Fig. 244, A and B. It is 
made up of the parts described in the paragraphs that follow. 
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1. Clutch Plates (Fig. 244, e and d ). — This clutch has two 
plates. One of the plates is connected to the flywheel of the 
engine, and the other to the transmission shaft. This second 
plate is keyed on to the transmission shaft so that it can slide 

back and forth through a 
short distance. Both of these 
plates are faced with fiber 
linings. 

2. Clutch Spring (Fig. 244, 

a) . — The clutch spring is 
usually a heavy coil spring 
that presses the two plates of 
the clutch tightly together 
when the clutch is engaged. 

3. Clutch Yoke (Fig. 244, 

b) . — The clutch yoke fits into 
a groove cut around the rear 

connects the rear plate of the 
clutch to the clutch lever or pedal. 

4. Clutch Lever or Pedal (Fig. 244). — The clutch lever 
may be either a foot pedal or a hand lever. It is used by the 
operator to engage or disengage the clutch. The clutch lever 
is always connectcid to the clutch-shifting yoke. 

There are many different kinds of clutches. Proper care 
of the clutch and caution in operating it are very important. 

The clutch should be disengaged only while the gears are 
being shifted in the transmission. If it is kept disengaged long, 
when the engine is running, the linings on the clutch plates and 
the clutch-shifting yoke will wear out quickly. 

TRANSMISSION 

Tractors are used for many different kinds of work. It may 
be necessary to use a tractor to pull a very heavy load up a steep 
hill. In this case the engine must run fast and the rear wheels 
must turn slowly. Or it may be necessary to pull a light load 
along a good level road by means of a tractor. In this case 



Fig. 244. — A simple type of clutch. 
A, clutch engaged. clutch dis- 
engaged. 

clutch plate. The clutch yoke 
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it would be desirable to have the motor run more slowly and the 
wheels of the tractor go faster than in the previous case. 

This relation of the engine speed to the speed of the drive 
wheels is controlled largely by the gears in the transmission. 

Most tractors have three different speeds, or gear changes ” 
(sets of gears), in the transmission for moving the tractor 
forward, and one set of gears for moving it backward. 

Figure 245, h, will serve to illustrate the action and location 
of the transmission. It is not, however, an exact reproduction 
of any particular transmission. The lower shaft shown in the 



F'k^. 245. — Cross section of tractor. 


transmission in Fig. 245, h carries four gears. These gears are 
keyed fast to the shaft. The lower shaft itscdf is connected by 
gears (m and n) through the clutch to the engine. The two gears 
(m and n) shown in solid black are always in mesh. Neither 
of them is a sliding gear. The upper shaft also has four gears. 
These gears are keyed to the shaft so that they may slide a 
short distance in either direction. The uppcT shaft is directly 
connected to the differential, but has no direct connection with 
the clutch. 

1. Low Speed.— On the upper shaft, gear a is the largest, 
gear h is of medium size, and gear c is smaller than h. On the 
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lower shaft, gear a is the smallest, gear h is of medium size, and 
gear c the largest. 

When two gears are meshed together, the smaller one always 
revolves the faster. Therefore, if, in the transmission shown in 
Fig. 245, gear a on the upper shaft were moved backward 
until it meshed with a ” on the lower shaft, the upper shaft 
would be turning slowly. As this upper shaft is connected to 
the rear drive wheels, they would also be turning slowly. This 
set of gears would be used for pulling heavy loads. 

This combination of the transmission gears is called “ low 
speed.” 

2. Intermediate Speed. — If the set of gears lettered b in 
Fig. 245 were meshed together, the upper shaft would not turn 
as slowly as when the gears lettered a were together. This 
combination gives intermediate s|X'ed.” 

3. High Speed. — When the gears lettered c are meshed 
together the upper shaft turns rapidly Ix^cause gear c on the 
upper is small compared with c ” on the lower shaft. This 
causes the roar wheels of the tractor to revolve fast, and this 
combination of gears gives high speed.” 

4. Reverse. — Between gear d on the lower shaft and gear 
d on the toj) shaft, there is a small gear, c, which is called an 
idle gear. This gear is carried on a short stub shaft. If gear 
d on the upper shaft is moved backward until it meshes with 
gear e, the upper shaft will be turned in the opposite direction. 
This causes the tractor to back up, hence this combination is 
called reverse.” 

6. Gear-shifting Lever. — The gears on the upper shaft are 
shifted by the operator with the gear-shifting lever. Whenever 
a gear is shifted the clutch must be thrown out so that the 
gears on the bottom shaft stop revolving. If this is not done 
the gears will grind together and be broken. 

When the gears arc set so that none are in mesh between the 
bottom and top shafts, they are said to be in “ neutral.” They 
should always be placed in “ neutral ” before starting the engine. 
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DIFFERENTIAL, REAR AXLES, DRIVE WHEELS 

Most tractors are driven by the two rear wheels. The 
power given the piston by the burning fuel mixture is carried 
back through all the parts that have been described, until it 
finally reaches the rear wheels. Those drive the tractor for- 
ward or backward at the will of the operator. 

In some tractors the power is finally delivered to the rear 
wheels by means of chains, but usually the rear axles serve 
as drive shafts, by means of which the i)ower is transmitted to 
the rear wheels (see Fig. 2^0, B). 

Figure 245 shows the parts through which the power passes, . 
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Fig. 240). — DifTerontial, roar axlos and drive wheel. 

from the piston, through all the tractor parts, to the drive 
wheels. 

1. Differential (Fig. 246, A and B ). — As both rear wheels 
are drive wheels, it is sometimes necessary that one of them 
turn faster than the other. This is the case when turning a 
corner. The outside wheel must then travel faster than the 
inside wheel as it has farther to go. Yet both wheels are 
always being driven by the engine whenever the tractor is 
moving. The differential gears work automatically and are 
not controlled by the operator (see Fig. 246, A). Whichever 
wheel meets the greater resistance from the ground will begin to 
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slow up. When turning a corner, the wheel on the inside of the 
turn meets more resistance. It therefore turns more slowly 
than the wheel on the outside of the turn. 

The differential is usually placed midway between the two 
drive wheels (Fig, 246, /). It is enclosed in an oil-tight case 
(Fig. 246, a) and must be well lubricated, as explained. 

2. Rear Axles (Fig. 246, 6). — The rear axle is usually made 
in two parts or halves. They connect from each side of the 
differential to the rear wheels, and carry the power from the 
differential to the drive wheels. These axles are supported by 
bearings, and a grease cup is provided for lubricating them 
(Fig. 246, c). 

3. Rear Wheels (Fig. 246, d). — The rear wheels are rigidly 
attached to the rear axles. Tractor wheels are always equipped 
with cleats or lugs (e) so that they will have a firm grip on the 
ground. There are many kinds of tractor-wheel lugs. It is 
necessary to have the proper type for the kind of soil on which 
the tractor is working. If the drive wheels slip and do not get 
a firm grip, it is impossible to do good work. 

The lugs must be kept tight. If they come loose when the 
drive wheels revolve, they may catch in other parts of the 
tractor and cause serious damage. 

Extension rims should be used on the drive wheels for very 
soft or loose soil. These give the tractor a better hold on the 
ground and keep the wheels from slipping. 
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LABORATORY STUDY NO. 31 

To study the action of clutch, transmission and differential. 

Equipment Necessary. — Anj^ tractor in running condition. 

Precaution. — For this exercise the spark plugs should be 
taken out so that the engine will not start, but will crank easily. 
Before disconnecting the spark-plug wires, mark them so that 
they may be put back in the proper order. 

Procedure. 

1. Jack up the rear end of the tractor so that the drive 
wheels are off the floor. 

2. Put the gear-shifting lever in neutral. Engage the clutch 
and crank over the motor. Do the rear wheels turn? 

3. Put the gear-shifting lever in low speed. Engage the 
clutch and crank over the motor. Do the rear whe^els turn? 
Count the number of times it is necessary to turn the crank 
around to make the rear wheels turn around once. 

4. Put the gear-shifting lever in high speed, h^ngage the 
clutch. Count how many times it is necessary to turn the crank 
to make the rear wheels turn once. 

5. Put the gear-shifting lever in reverse. Engage the clutch 
and crank the engine. Notice the direction in which the rear 
wheels move. 

6. Put the gear-shifting lever in low si)eed. This time do 
not engage the clutch. JJold it out. Crank the engine. Do 
the rear wheels turn? 

7. Put the gear-shifting lever in high speed. Hold the 
clutch out. Crank the engine. Do the rear wheels turn? 

8. Put the gear-shifting lever in reverse. Hold the clutch 
out. Crank the engine. Do the rear whe(4s turn? 

9. Put the gear-shifting lever in low speed. I^ngagc the 
clutch. Have some one hold the left rear wheel. Crank the 
engine. Does the right rear wheel turn? 

10. With the gear-shifting lever in low speed and the clutch 
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engaged, have some one hold the right rear wheel. Crank the 
engine. Does the left rear wheel turn? 

11. With the gear-shifting lever in low speed and the clutch* 
engaged, have two students hold both rear wheels. Crank 
the engine. What happens? 

12. Try holding first one and then the other rear wheel 
when cranking the engine with the gear-shifting lever in reverse 
and the clutch engaged. What happens? 

13. Explain fully the purpose of the clutch. 

14. Explain fully the purpose of the differential. 
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LABORATORY STUDY NO. 32 

To trace the path of the power from the piston through all 
parts to the drive wheels. 

Equipment Necessary. — Any complete tractor. Refer to 
Fig. 245. 

Procedure. 

1. Locate the pistons of the engine. 

(a) What sliaft carries the power from the pistons to the 
flywheel? 

2. Locate the clutch. 

(а) Is the clutch operated by a hand lever or a foot pedal? 

(б) What parts of the tractor are connected by the 

clutch? 

3. Locate the transmission. 

(а) Between what two parts of the tractor is the trans- 

mission located? 

(б) Why are s(^veral sets of gears or speed changes 

necessary in the transmission.^ 

4. Locate the differential. 

(а) Why is a differenlial necessary? 

(б) How is the ditt'erential connectc^d to the drive wheels. 

5. List in order the parts through which tht* pow(‘r is carried. 

6. Examine the drive wheels and answer the following ques- 
tions: 

(а) Plow are the lugs fastened? 

(б) Is there any device to prev(*nt the lugs from coming 

loose? 

(c) Is it possible to attach extension rims to these drive 
wheels? 
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TRACTOR CARBURETORS 

The carburetor has three distinct functions, as follows: 

1. To vaporize the liquid fuel. 

2. To mix this fuel vapor with air. 

3. To measure out the proper amounts of fuel and air to be 
mixed together. 

Figure 247 illustrates the parts and the action of a simple 
carburetor. The gasoline flows down into the carburetor from 
the tank through the gasoline pipe, past the needle valve (a) 
and up into the spray nozzle (c). 

The upper end of the large pipe (d) is connected to the 

cylinders. Air enters this pipe at 
the lower end. The air is drawn 
through the pipe by the suction 
of the pistons in the engine. 

As the air rushes by the spray 
nozzle (c) it draws the fuel out. 
The tip of the spray nozzle has 
one or more small holes. When 
the liquid fuel is drawn through 
these holes it breaks up into a fine 
spray or vapor. This vapor mixes 
with the air and is carried into the 
cylinder. The spray nozzle, then, accomplishes the first of the 
three things listed above. 

The air passage is made narrow at the point where the 
spray nozzle is located. This construction is called the “ ven- 
turi tube.’' The purpose of the venturi tube (Fig. 247, 6) is to 
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make the air move faster at the point where it meets the fuel 
vapor. This causes a more thorough mixing of the air and fuel 
'^apor. The venturi tube accomplishes the second of the three 
functions of the carburetor. 

The needle valve (Fig. 247, a) measures the amount of liquid 
fuel that comes out of the end of the spray nozzle. Closing the 
needle valve lessens the amount of liquid fuel to be mixed with 
the air. Opening the needle valve increases the amount. The 
needle valve accomplishes the third function of the carburetor. 

Tractor carburetors must have a supply of liquid fuel very 
near the spray nozzle. The level of the fuel must be kept 
just below the tip of the nozzle. To accomplish this, the device 
shown in Fig. 248, a, is used. This is called a float. The supply 
of fuel for the spray nozzle is carried in the float chamber. The 
float is made of cork or light, hollow metal, such as brass. 

When fuel is poured into the tank and the shut-off valve 
below the tank is opened, the fuel flows down into the float 
chamber, causing the float to rise. The float carries a little 
valve on top of it, called the float valve. The float rises until 
it causes the float valve to seat into the fuel pipe above it. This 
prevents any more fuel from entering the float chamber. 

The float and float valve are so made that the level of fuel 
in the float chamber and spray nozzle will be just the same. 
This level should be just below the tip of the spray nozzle. 

The float is automatic in action. The float chamber is 
filled to the proper level when the engine is started. As the 
engine runs, fuel is used out of the spray nozzle. Fuel from 
the float chamber runs into the spray nozzle to replace what 
is used. When fuel flows out of the float chamber the float is 
lowered. This opens the float valve and allows more fuel to 
enter the float chamber from the tank. 

FLOAT TROUBLES 

The float and float valve are simple in construction. If 
properly cared for, they give little trouble. Occasionally the 
following troubles may be encountered. 
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1. Dirt on Float-valve Seat —This will keep the float from 
closing completely and will cause the fuel to overflow and leak 
from the carburetor. 

2. Float Valve Worn. — It is possible for the float valve 
to become worn in such a way that it will not shut off com- 
pletely. 

3. Float Level too High. — In some carburetors the connec- 

tion between the float 
and the float valve is 
adjustable. In this 
cas(^ it should be set 
so that the level of 
the fuel is held just 
below the tip of the 
spray nozzle. If the 
l(wel is too high, fuel 
will leak from the 
carburetor, through 
the t.ip of the spray 
nozzle. If the level is too low, the fuel will not be drawn out 
of the spray nozzle in sufficient quantity to give the proper 
mixture to the cylinders. 

4. Float too Heavy. — (Wk floats may lose their buoyancy 
and become heavy. Metal floats may Ix" punctured or be- 
come porous. This will allow liquid fuel to get inside and 
make the float heavy, (brk floats should occasionally be taken 
out, allowed to dry thoroughly, and then covered with a coating 
of shellac or varnish. Metal floats should be taken out and 
tested to see if tliey contain any liquid. If so, this may be 
evaporated by heating, and the holes soldered. Sometimes 
these holes are so very small that it is very difficult to find 
them. Therefore, if a metal float gives trouble it is usually 
best to replace it. 



Fi(i. 248. — Simple carl)uretor with float. 
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TRACTOR CARBURETORS 

The simple carburetors in Figs. 247 and 248 are shown to 
explain how the three chief functions of the carburetor are 
accomplished. Tractor carburetors are somewhat more com-^ 
plex than these simple ones. Tractor engines do not run at 
one speed only. They must be flexible, must idle down to a 
few hundred R.P.M. (revolutions per minute), or must turn up 
to 1000 R.P.M. or more. 

The carburetor must furnish just the right amount of air 
and fuel at all times, no matter how fast or how slow the engine 
is running. To do this, a more complete carburetor is rec^uired 
than the simple forms shown. 

A cross-section view of a complete carburetor is shown also 
in Fig. 249. This carburetor is used on many tractor engines. 

Fuel enters the carburetor from the fuel tank through the 
float valve (t) and passes into the float chamber (j). This 
causes the cork float (k) to rise, and the float valve closes. 
The level of the fuel is kept just below the spray nozzle (/). The 
needle valve (b) screws down into a small hole in the top of 
the float chamber. This is called the needle-valve seat. When 
the needle valve is closed no licjuid fuel can be drawn from the 
float chamber past the needle-valve seat. 

The air enters the carburetor at the air intake (g). The 
air passage is narrowed down at tlie venturi (m). It is here 
that the air meets the fuel, which is drawn past the needle-valve 
seat and out of the spray nozzle (/). If the engine is running 
slowly the air and fuel vapor pass up through the low-speed tube 
(h) past the throttle (r) and on into tluj cylinder. 

Secondary Air Valve (a). — As th(i engine speed increases 
more fuel is drawn into the Jiiixture than is required. The 
mixture would be too rich in fuel unless some means were pro- 
vided to overcome this difficulty. There are two possible 
ways of doing this. One is to lessen the amount of fuel coming 
from the spray nozzle at high engine speed; ^the other is to 
increase the amount of air available at high engine speed. 
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This carburetor uses a very simple device to add extra air 
to the mixture when the engine runs fast. This is a lead 
weight hinged to one side of the air passage (a). It is called 
a secondary or auxiliary air valve. When the engine is running 





Fig. 249. — Cross section of tractor car))uretor. 


slowly this weight rests on its scat, thus closing off the main 
air passage. The mixture then travels up the low-speed tube 
(h) on its way to the cylinders. 

As the engine speed increases, the suction of the pistons 
increases also. The suction becomes strong enough to raise the 
secondary air valve off its seat. This increases the size of the 
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air passage, thus adding more air or weakening the mixture at 
high speeds. The action of the secondary air valve is entirely 
automatic. It gives the right amount of air at all times. 

Back of the secondary air valve is a stop or plug (/) to 
prevent the secondary air valve from tipping back too far or 
becoming stuck in the open position. 

This air valve gives very little trouble, but it might possibly 
become stuck on the shaft. If so it would not move easily 
and would not give a proper mixture at all speeds. 

Choke Valve (d ). — At the point where the air enters the 
carburetor, a choke valve is placed. This is in the form of a 
small disk. It is used to close the air passage when starting the 
engine. The choke valve is operated by the tractor driver. 
If it is held closed while the engine is being cranked, a mixture 
very rich in fuel vapor will be drawn into the cylinder. 

The choke valve is usually operated by a wire which is 
attached to it. With this wire the operator may hold the valve 
closed with one hand while he cranks the engine with the other. 
When the operator releases the wire the choke valve automat- 
ically springs open. 

The chok(^ valve should be used only when starting the engine 
and then it should be used as little as possible. If it is used 
too much, the mixture drawn into the cylinders may be so 
rich in fuel vapor that it will not. burn. The use of the choke 
valve is necessary when starting the engine in cold weather. 

Needle Valve (h ). — The needle valve ngulates the amount 
of fuel to be mixed with air. This adjustment should be accu- 
rately set after the engine has warmed up. Turning the needle 
valve to the right, or clockwise, lessens the amount of fuel or 
makes the mixture lean.” Turning it to the left, or anti- 
clockwise, increases the amount of fuel or makes the mixture 
rich. 

The engine will not run perfectly if the mixture is too 
** rich ” or too lean.” If it is too rich the engine will give 
ofT black smoke and soon begin to misfire. If 'it is too lean the 
engine will '' back-fire ” through the carburetor and lose power. 
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Throttle (c). — The throttle controls the amount of mixture 
to be admitted to the cylinders. In this way it controls the 
speed of the engine. It loolcs very much like the choke valve. 
The throttle is controlled by the operator by means of a small 
lever, which is usually attached to the steering wheel. 

The throttle may also be oi)eratcd automatically by the 
governor of the engine. 

Drain Cock (e ). — The drain cock i)laccd in bottom of the 
float chamber has a very important function. Liquid fuel 
usually has some water or dirt in it, no matter how carefully 
it has been handled. When such matter enters the carburetor 
it sinks to the lowest part of the float chamber, which is directly 
above the drain cock. This drain cock should be opened fre- 
quently to drain off water and sediment. 

Carburetor Trouble. — Carburetor trouble is caused by any- 
thing that changes the proportion of air and fuel vapor going 
to the cylinders. If these proportions are changed even 
slightly, the engine will immediately begin to slow up and lose 
power. Any one of the troubles listed below may occur when 
the engine is running. 

The following conditions may cause the mixture to become 
too lean. 

1. Fuel tank empty. 

2. Needle valve closed too far. 

3. Dirt or sediment in fuel tanks, fuel pipes, or carburetor. 

4. Float valve out of adjustment so that it closes too quickly. 

5. Air leaks b(*twcen carburetor and cylinders. 

6. Water in fuel. 

7. Air vent in fuel tank closed. 

8. Secondary air valve stuck open. 

Whenever the mixture becomes too lean,’’ some of the 
indications listed below may be noticed. 

1. Engine back-fires, or pops back through the carburetor. 

2. Light-yellow flame may be seen in the cylinder if the 
operator opens the cylinder relief cock. 
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3. Engine misfires and runs unevenly. 

4. Engine speed increases if the operator opens needle 
valve slightly. 

The following list contains the usual causes of the mixture 
becoming too rich. 

1. Needle valve open too far. 

2. Float too heavy or punctured, lotting too much fuel into 
the float chamber. 

3. Float valve dirty or worn, and therefore not closing 
properly. This lets too much fuel into the float chamber. 

4. Air passage closed or obstructed. 

5. Choke-valve spring broken. 

6. Secondary air valve stuck in closed position. 

Whenever the mixture becomes too rich, sona^ of the follow- 
ing indications may be noticed. 

1. Black smoke from exhaust pipe. 

2. Dark-red flame seen in cylinder if the cylinder petcock 
is opened. 

3. Smell of raw fuel at exhaust pipe. 

4. Pmgine misfires and runs unevenly. 

5. Spark-plug electrodes foul quickly. 

6. Engine speed increases if the operator closers th(^ needle 
valve slightly. 

CARE OF FUEL AND CARBURETION SYSTEM 

The instructions given below should bo followed carefully. 
It is necessary to take good care of the fuel and carbiiretion 
system. 

1. Keep all gaskets b(‘tween tla* carburetor and cylinders 
tightly fitted. 

2. Keep fuel-pi jxi connections tight. Soap used on the 
threads of these connections will help to prevept leaks. 

3. Strain all the fuel carefully when it is put into the fuel 
tanks. 
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4. Drain the sediment bulb and float chamber of the car- 
buretor often, to remove any water that has collected. 

5. Be sure that the needle-valve adjustment is secured by 
the binding nut (Eig. 249, n). The vibration of the engine will 
cause the needle valve to work loose unless this binding nut 
is kept fairly tight. 

6. Keep the air-vent holes in the fuel tanks open. 

7. Clean the air strainer often. Keep it filled to proper level 
(if liquid is used). 

8. Store the tractor in a closed shed when it is not in use. 
This is necessary in the general care of the tractor but particu- 
larly important in order that the fuel and carburetion system 
may be kept clean. 
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LABORATORY STUDY NO. S3 

To adjust the carburetor. 

Equipment Necessary. — Any tractor engine in running con- 
dition. 

Procedure. 

1. Open the valve under the gasoline tank and lot the car- 
buretor fill up with gasoline. 

2. Open the needle valve about 1 J turns. Have the instruc- 
tor help you start the engine and let it run a few minutes to 
warm up. 

3. Open the needle valve (anti-clockwise) gradually, until 
black smoke is seen at the exhaust pipe and the engine begins 
to slow up. The mixture is now too rich.^^ 

4. Close the needle valve gradually until the black smoke 
disappears and the engine begins to speed up again. Now 
the mixture is nearly right. 

5. Continue to close the needle valve gradually until the 
engine begins to slow up again. Listen carefully and you will 
hear a popping noise in the carburetor; the engine is back- 
firing through the carburetor because the mixture is too “ lean.” 

6. Open the needle valve again, gradually, until you find 
the place where the engine runs the best. 

7. Tighten the needle-valve binding nut until the needle 
valve can just be turned with the fingers (Fig. 249, w). 

Note . — The directions given above apply to the type of 
carburetor illustrated in Fig. 249. The adjustment of other 
types may be slightly different. The object of the study, 
however, may be easily accomplished with any tractor car- 
buretor. The mixture should first be made too rich, then too 
lean, and finally properly adjusted. 
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METHODS OF HEATING THE FUEL MIXTURE 

In most tractors some means is provided in the carburetion 
system for keeping the fuel mixture hot. Heat causes the fuel 
to vaporize more easily and the fuel mixture to burn more 
readily. When kerosene is used as fuel, heat is essential. 
Kerosene will not vaporize readily until it is heated. 

The source of this heat is usually the exhaust gases. When 
these gases arc driven out of the cylinder by the exhaust stroke 
of the piston they retain much heat. Three methods of apply- 
ing this heat to the fuel mixture are in common use: 

1. The exhaust manifold is placed so as to surround the 
intake manifold. The hot exhaust gas in this case passes over 
the outer surface of the intake manifold, and heats the fuel 
mixture. 

2. The air entering the carburetor is drawn from near the 
hot exhaust pipe, which causes heated air to mix with the fuel 
vapor within the carburetor. 

3. The hot exhaust gas is directed through a jacket sur- 
rounding the float chamber of the carburetor. This method 
heats the liquid fuel. 
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MAGNETOS AND IGNITION 

Tho magneto generates th(> electricity for lighting the fuel. 
Magnetos are used on nearly all tractors. Very few tractors 
use batteries. 

A successful tractor operator must understand the magneto 
and the other parts of the ignition system thoroughly. It is 
estimated that three-fourths of all engine troubles occur in the 
ignition system. 

The “ magneto ” is so named because om; of il.s chief parts 
is a large magnet. This magnet is made of hard steel and 
retains its magnetism j)ermanently. The magnet is often made 
in several sections (Fig. 252, A). There is a peculiar ndation 
between magnets or magnetism and eh'ctricity; either can 
easily be made to produce the other. If magnetism is avail- 
able, it can be made to produce electricity; or, if (doctricity is 
available, it can be made to {)roduce magnetism. 

If we have a honseshoe magnet such as is shown in Fig. 250, o, 
and a coil of wire wrapi)ed on a soft-iron core, we can generate 
electricity. When the iron core with the coil is moved up or 
down as shown by the arrow, a current of electricity will be 
generated. This will be a very fecible current, but a delicate 
electrical measuring instrument {(<), connected between the 
ends of the coil of wire, will indicate its passage. 

The strength of the current in this simple magneto depends 
upon three things. 

1. Strength of the magnet. 

2. Speed with which the core is moved. 

3. Amount of wire in the coil. 

397 
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If we have electricity available it is easy to produce magnet- 
ism. Figure 251, a, shows a small dry-battery cell. If several 
turns of wire are wrapped around a soft-iron rod (c) and the 
two ends of the wire connected to the battery as shown, the iron 
rod will be a magnet just as long as the switch (h) is closed. 
The bar will then attract the nail (d) to it. As soon as this 



Fig. 250. — Generation Fig. 251. — Production of 

of electricity from mag- magnetism from electri- 
nctism. city. 


switch is opened, the iron bar will lose its magnetism and the 
nail will drop. 

The strength of the magnetism in the bar depends upon the 
following factors: 

1. Strength of the electric current flowing around it. 

2. Number of turns of wire wrapped around it. 

3. Material in the bar itself. (Soft iron may be magnetized 
quickly and demagnetized quickly; hard steel will become mjag- 
netized slowly and lose magnetism slowly.) 

Both of the principles described above arc made use of in 
the construction of magnetos. The magnetism of the large 
permanent magnets on the outside of the magneto (Fig. 252, a) 
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is used to generate a low-pressure current of electricity. This 
is called the primary current. This primary current flows 
through a coarse wire wrapped around a soft-iron core (Fig. 
254, h). Whenever the primary current flows, the core is 
magnetized. Over the wire through which the primary cur- 
rent flows there is another winding consisting of many thou- 
sands of turns of very fine wire (hair size). In some magnetos 
there is as much as two miles of this fine wire. This is called 
the secondary winding. 

As long as the current flows steadily through the primary 



Fi(3. 252. — Magnets, pole shoes Fig. 2.54. — Armature core 

and base of a high-tension with primary winding, 

magneto. 


circuit there is no current in the fine wire of the secondary wind- 
ing. When the primary current is suddtuily stopped by opening 
its circuit (just as the flow of current was stopped by opening 
the switch shown in Fig. 251, 6), the core upon which both wind- 
ings are wrapped loses its magnetism, and a very high-pressure 
current is induced in the secondary circuit. 

The strength of current in the secondary circuit depends 
upK)n the following factors: 

1. Number of turns of wire in the secondary winding. 

2. Strength of magnetization in the core (Fig. 253, a). 
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3. Quickness with which the core is demagnetized. 

Note , — The magnetism is withdrawn from the core immedi- 
ately when the primary current stops flowing, just as it was in 
Fig. 251, 6, when the switch was opened. 

The secondary current in the magneto is very strong because 
magnetos are built to take advantage of all three of the above 
points. 

1. There is a very great amount of wire in the secondary 
winding. 

2. The core is very strongly magnetized when the primary 
current is flowing. 

3. This magnetism is instantly broken down when the pri- 
mary circuit is opened. 

In all magnetos there is a circuit-breaker in the primary 
circuit. This corresponds to the switch in Fig. 251, h. The 
circuit-breaker stops the flow of the primary current by the 
opening of two platinum points called breaker points (Fig. 
255, c). Whenever these points open, the primary current stops 
flowing, the core loses its magnetism, and a very high-pressure 
current springs up in the secondar^’^ winding. 

One end of the secondary winding leads to the spark plug 
(Fig. 255, hy ky i to j). It is this high-pressure current tliat 
jumps across the electrodes of the olug and sets fire to the fuel 
mixture in the cylinder. 

The illustrations in Figs. 252 and 251 show in a simple way 
the peculiar relation between magnetism and electricity. The 
magneto makes use of this Relation, but diflers from these simple 
forms in actual construction. 

The principal parts of a standard type of magneto are 
described in the paragraphs that follow: 

1. Magnets and Magneto Base (Fig. 252, a and c). — 
Magnetos may be made with a single magnet, or two or more 
magnets may be used. They are placed as shown in Fig, 252, a, 
with like poles on the same side of the magneto. When like 
poles are placed together, the magnets will not attract but will 
repel each other. If the magnets should be put on the mag- 
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neto so that the ends attracted each other, there would be 
no current generated. 

The magneto base (c) is made of brass or other non- 
magnetic material. This causes all of the magnetism to act 
through the core, which revolves between the magnets. Mag- 
netism cannot pass through the base. 

2. Pole Shoes (Fig. 252, h ). — The pole shoes concentrate the 
magnetism at the ends of the magnets. They are shaped to 
conform to the shape of the core which revolves between them 
(Fig. 253, a). 

3. Core. — Figure 253, a, shows the soft-iron core on which 
the two windings are wrapped. This core revolves inside of the 
pole shoes shown in Fig. 252, h. It takes the place of the core 
shown in the simple magneto. Fig. 250, 6. This core revolves 
between the poles instead of being moved back and forth as 
was the one in the simple magneto (Fig. 250). 

4. Primary Winding. — The primary winding is first wound 
on the core as shown in Fig. 254. It consists of fairly coarse, 
insulated copper wire. One end of this wire is bared and 
grounded to the metal core. The other end is connected to the 
breaker points as shown in Fig. 255, c. 

6. Secondary Winding (sec diagram Fig. 255, h ), — The sec- 
ondary winding is wrapped over the primary. Jt consists of very 
fine, insulatcul copper wire. The insulation is scraped off one 
end, and the bare wire is grounded to the nuital core, usually at 
the same point at which tlie primary winding is grounded. The 
secondary winding is wrap])ed around the core, over the primary 
wire. Many thousand turns of secondary wire are wrai3pcd on, 
and finally one end is brought out as shown in Fig. 255, and is 
connected to a brass ring callcMl the collector ring (Fig. 255, A;). 

6. Collector Brush (Fig. 255, /), — This is a small, stationary 
carbon brush that is pressed down against the collector ring. 
It picks. U]) the ek'ctric current that coiihjs out of the secondary 
winding. 

7. Distributor Arm (Fig. 255, h ). — The collector brush carries 
the current to the distributor arm. This is a revolving arm. 
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driven by the upper shaft in the magneto. As the distributor 
arm revolves it comes into contact with the four segments (a) 
to which the spark-plug wires are attached. Thus it distributes 
the high-tension current to the different cylinders in proper 
order. 

8. Breaker Points (Fig. 255, c). — Electricity is generated in 
the primary winding whenever the magneto begins to turn. 
This current flows from the winding out to the breaker points, as 
shown in the illustration. When these points are together, the 
current can flow across the points and back through the metal of 
the magneto to the point where the primary winding is grounded. 



I’ld. 2r)5. — (Voss section diagram of higli-tciision magneto. 

Whenever the current is flowing, it strongly magnetizes the core 
on which it is wound. At the instant the breaker points open, 
this current stops flowing, and the core loses its magnetism. 
This quick change in the magnetic strength of the core generates 
or induces the current in the secondary winding. 

Electric and magnetic action takes place so quickly that we 
may say that all the following events occur at the same instant: 

1. Breaker points open. 

2. Current stops flowing in primary circuit. 

3. Current springs up in secondary circuit. 

4. Spark jumps between electrodes of the spark plug. 
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9. Complete Armature (Fig. 255). — Non-magnetic disks are 
placed across the ends of ilie core. The core, with the windings 
and collector ring, is mounted on a steel shaft, which is sup- 
ported by ball bearings at both ends (Fig. 255, e). This assembly 
of parts is called the armature. 

10. Condenser (Fig. 255, L).— The condenser might be 
called an electric sponge. It is made up of alternate sheets of 
tin foil and mica. It has the capacity to store up electricity 
for a short time. One side of the condenser is connected to 
the primary wire leading to the breaker points, and the other 
side is grounded as shown in Fig. 255, L. The condenser pre- 
vents the breaker points from burning out and also makes 
possible a quicker and more complete stoppage of the primary 
current. 

11. Breaker-fH»mt Cam. — One end of the armature shaft 
carries a cam, such as that shown in Figs. 255, d, and 256, d. 

As the armature shaft revolves, the high point of the cam 
strikes the movable breaker point and forces the points apart. 

There are two high points on the cam, as shown; therefore, 
the points will be opened twice for each revolution of the 
armature. 

12. Advance and Retard of Spark (Fig. 256). — The housing, 
or shell, that covers the breaker points (256, e) can be shifted 
a short distance. This movable housing is connected by rods 
to a small lever on the steering wheel. By means of this small 
lever, the operator may shift the breaker-box housing as neces- 
sary. Shifting this housing causes the spark to occur in the 
cylinder earlier or later with regard to the position of the piston. 

If the spark occurs when the piston is starting down on its 
power stroke, as in Fig. 237, c, it is said to be late or retarded. 

If the spark occurs before the piston reaches top center on 
the compression stroke, it is said to be early or advanced. 

Both of these positions of the spark are necessary. The 
spark must be retarded when the engine is cranked, and it 
should be advanced as soon as the engine starts. When the 
engine is being cranked, the piston moves very ^owly. If the 
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spark should occur too early, the piston would not have reached 



Fig. 256. — Front view of magneto 
(distributor head and breaker-box 
cover removed). 

grounds it. With the switch 


top center by the time the 
fuel had fully caught fire. 
The burning fuel would 
'‘kick'' the piston back, and 
the motor would try to run 
backwards. When the engine 
is running, the piston is 
moving fast and the spark 
should occur a little before 
top center so that the piston 
will reach top center when 
the fuel has fully caught fire. 
Then the full force of the 
burning fuel will push it 
downward on the power 
stroke. 

13. Breaker-box Cover 
and Shorting Switch (Fig. 
256, /). — The breaker points 
are enclosed by an insulated 
cover, which keeps them 
clean and dry. A flat metal 
spring is attached to the 
breaker-])Ox cover (Fig. 256, 
/). The inner end of this 
spring is connected to the 
primary circuit of the mag- 
neto. The outer end of the 
metal spring is connected to 
a wire which leads to a 
grounded switch near the 
steering wheel. Closing the 
switch diverts the current 
from the breaker points and 
closed, therefore, there is no 
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interruption of the flow of current in the primary circuit, and 
accordingly no current is induced in the secondary circuit and 
no sparks occur in the spark plugs. This switch is called a 
shorting switch and affords a convenient method of stopping 
the engine. 

Some magnetos are designed so that the shorting switch is 
closed by means of the movable breaker-box housing, shown in 
Fig. 256, e. Moving this housing to the full retard position 
closes the switch and grounds the primary current. 

14. Impulse Starter. — The strength of the spark delivered 
from a magneto increases as tlie speed of the armature increases. 
Therefore, it is likely to give a weak spark when the engine is 
being cranked, as the magneto is then turning very slowly. To 
overcome this, a device called the impulse starter is placed on 
many magnetos. With this device, when the engine is cranked, 
a spring connected to the magneto annature is compressed and 
automatically released just as the piston is in the position to 
receive the spark. The action of this spring throws the mag- 
neto armature forward rapidly, and a strong spark is produced. 
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LABORATORY STUDY NO. 34 

To find the firing order of a four-cylinder engine. (The 
firing order is the order in which the power strokes occur.) 

Two cylinders never fire at the same time if the engine is 
running properly; they always fire one after the other in the 
regular order. When the last one has fired, the first one is just 
ready to fire again. This gives an even steam of power. 

Equipment Necessary.— Any four-cylinder engine with all 
valves and pistons properly assembled. 

Procedure. 

1. Remove the case or plate which covers the valve stems 
and valve springs. In some tractors this case is on top of the 
cylinder head, and in others it is on one side of the engine. 

2. Locate all the intake valves, and mark them with chalk 
or pencil. The intake valve in any one cyhndcr opens immedi- 
ately after the exhaust valve in the same cylinder has closed. 
No. 1 cylinder is the nearest to the crank, or it may be said to 
be the farthest from th(^ flywheel. Starting from No. 1, the 
cylinders are numbered in direct order back to the flywheel, 
1-2-3-4. No. 4 cylinder is nearest the flywheel. 

3. Hold your fingers on the four intake valves. Have 
some one crank the motor over very slowly. After No. 1 
intake valve has opened, see which opens next. Then find which 
is next and which is last. The order in which the intake valves 
open is the same as that in which the cylinders fire. 

In four-cylinder engines, where the cylinders are vertical, 
there are only two firing orders fwssible. The order must be 
either 1-2-4-3 or 1-3-4-2 
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Job No. 36 

TO TIME THE MAGNETO TO THE ENGINE 

Equipment Necessary. — Any complete tractor engine with 
magneto and spark-plug wires removed. 

Timing the magneto consists in connecting it to the 
engine so that as each piston reaches top center aftcT completing 
compression, the magneto will be ready to deliver the spark to 
it. In brief, this process consists of two simple steps: first, to 
have No. 1 piston in the proj^er position to receive the spark; 
and second, to have the magneto just ready to deliver the spark 
to No. 1 spark plug. 

Operations Necessary to Perform the Job. 

1. Find firing order of engine. 

2. Place No. 1 piston on top center at end of coinpn's.sion stroke. 

3. Retard spark. 

4. Revolve magneto armature in prop(‘r direction until breaker 

points begin to open. 

5. Connect magneto to engine. 

6. Remove distributf)r cover and sec wliich segment (listril)utor 

brush is touching. 

7. Connect a wire from this segment to No. 1 spark j)hig. 

8. Connect wires to the other spark plugs, according to the firing 

order. 

Description of Operations. 

1. Find the firing order of the engine (see Laboratory Study 
No. 34). 

2. Crank the engine until piston No. 1 just reaches top 
center. This position may be found by inserting a rod or wire 
through the spark-plug hole. Another method is to crank the 
engine until the exhaust valve in No. 4 cylinder just closes. 
This will leave No. 1 piston on or very near top center. The 
latter method can be used only on four-cylinder engines. 
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3. Place the breaker-box arm (Fig. 256, e) in the full retard 
position. This is done by moving the arm as far as possible 
in the direction in which the armature shaft revolves when it 
is driven by the engine. 

4. Turn the armature shaft until the breaker points just 
begin to open. It will be necessary to remove the breaker-box 
cover (Fig. 256, /) to sec this. 

5. Connect the magneto to the motor witn the coupling 
provided. In making this connection, do not change the posi- 
tion of the piston or the armature shaft any more than necessary 
to make the connection. 

6. Remove the distributor cover (Fig. 256, g) and see which 
of the four segments the distributor ann points to. 

7. Connect a wire from this segment to No. 1 spark plug. 

8. Connect wires from the other segments to the spark 
plugs, according to the firing order of the engine. Keep in 
mind the fact that the distributor arm turns in the opposite 
direction from the armature .shaft. 
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Job No. 37 

TO LUBRICATE, CLEAN, AND ADJUST A HIGH-TENSION 
MAGNETO 

Note . — A magneto that does not use separate induction 
coils between the magneto and the spark plugs is called a high- 
tension magneto. This tyjx) is used on most tractor engines. 
The magneto used in the Fordson tractor, as de8cri))ed on page 
413, is a low tension magneto. Induction coils are placed 
between the magneto and spark plugs. 

Equipment Necessary. — High-tension magneto. 

Operations Necessary to Perform the Job. 

1. Remove distributor cover. 

2. Clean revolving arm or Imish of dislributor. 

3. Clean stationary segments or brushes of distributor. 

4. File breaker points. 

5. Adjust breaker points. 

G. Clean and lubricate bearings. 

Note. — The magneto need not ])c removed from tlie engine for 
this job. 

Description of Operations. 

1. Remove the distributor cover from the magneto (Fig. 

256, ff). 

2. Wipe off the distributor arm (Fig. 2r>(), h) with a rag dipped 
in gasoline, until it is clean and bright. The distributor arm 
revolves and makes contact with the sc^gnumts or brushes to 
which the wires are attached. In some magnetos it is made of 
brass, and in others carbon is used. Jn either case it should be 
wiped clean and dry. It should never be scraped with a knife. 

3. Wipe the segments or brushes, to which the wires are 
attached, with gasoline until they are clean and dry. These 
brushes break occasionally, and the springs behind them may 
lose their tension. Replace the brushes and springs if necessary. 
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4. Examine the surface of these points. If they are burned 
or pitted they must be filed down smooth and clean. For this 
purpose a small, flat file (jeweler's file) should be used. In 
some magnetos these points may be filed down while in the 
magneto. In others it is easier to remove them before filing, 
the filing should be done carefully so that the points will meet 
each other squarely and make a good contact when together. 

5. Turn the armature shaft, by cranking the engine until 
the breaker points are completely open. Measure the distance 
betwetm the points with a thickness gauge (Fig. 269). An aver- 
age distance for this opening is 0.015 in. The proper opening 
should be known, howev(‘r, and is usually given in the instruc- 
tion book furnished by the manufacturer of the tractor. The 
stationary breaker point is usually a screw which may be turned 
in or out to make the adjustment. A lock nut is provided 
with which the adjustment is made secure. 

6. Lubricate the bearings of the magneto shafts. In most 
magnetos there are two oil holes, one at either end of the arma- 
ture shaft. With a small oil-can, pour gasoline into these bear- 
ings. This will cut loose any oil that may have dried in them. 
Soak them thoroughly with gasoline, then let the magneto stand 
for some time so that this gasoline may evaporate. 

Drop a few drops (5 or 4) of light magneto oil into each 
bearing. Magnetos should be oiled very sparingly. Too much 
oil in the magneto will cause trouble. The oil may be dropped 
into the magneto bearings with the aid of a toothpick or piece 
of wire. 
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Job. No. 38 

TO CLEAN AND ADJUST THE SPARK PLUGS 

Note . — The spark plugs must he kept clean. They get 
dirty quickly if too much oil is used in the engine or if the fuel 
mixture is too rich. Both one-piece and two-piece spark plugs 
are commonly used. The latter are easier to clean but arc more 
easily broken than the fonner. Spark plugs also vary in the 
thread used at the base of the plug, which screws into the 
cylinder. If a plug with the wrong thread is forced into the 
cylinder, it may cause serious damage. 

Operations Necessary to Perform the Job. 

1. Remove spark plugs. 

2. Wash spark plugs in kerosene. 

3. Dry spark plugs and examine all j)arts carefully. 

4. Adjust distance between electrodes. 

Description of Operations. 

1. Remove the spark plugs irom the engine. 

2. Put the plugs in a can of clean kerosene to loosen the car- 
bon and burned oil. (If the plugs are of the two-piece type, 
take them apart before putting them in the kerosene.) Let 
them soak for some time. 

3. Wipe all parts dry. Examine the electrodes and the 
end of the insulation. If the electrodes are burned away or the 
insulation badly charred, it will be Ix'tter to replaces the plug 
with a new one. CJiarred insulation indicates that the elec- 
trodes have been set too far a[)art. (Sec next paragraph.) 

4. Adjust the electrodes carefully. The distance Ix^tween 
them varies in different engines. A setting of 0.025 in. will be 
satisfactory for most tractor engines. The distance between 
the electrodes should be measured with a thickness gauge (Fig 
269). 
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Make sure that the insulation is clean and not cracked or 



b 


Fig. 257. — Cross 
section of spark 
pluR, 


loose. A loose or cracked insulation will cause 
the cylinder to misfire. 

Note . — A cross section of a spark plug is 
shown in Fig. 257. The base of the plug (a) 
is made of metal. It is threaded at the bot- 
tom, where it is screwed into the cylinder. 
The central portion (d) is made of an insulat- 
ing material, such as porcelain or mica. The 
central electrode (c) passes through the porce- 
lain or mica and is thus insulated from the 
metallic base of the plug. The outer electrode 
(6) is directly connected to the base and thus 
grounds the electric circuit. 

Adjustment is made by bending the outer 
electrode to get the proper spacing between 
the two electrodes. The spark occurs when 
the secondary current jumps the gap between 
the electrodes Qj and c). 
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LABORATORY STUDY NO. 86 

To study, clean, and adjust all parts of the Fordson tractor 
ignition system. 

Equipment Necessary. — Fordson tractor, with all parts of 
the ignition system in proper places. 

Note . — The magneto used on the Fordson is a type distinctly 
different from that described above. 


Procedure. 


1. Locate the sixteen magnets of the magneto. They are 
attached to the flywheel with clamps. These parts arc enclosed 
in the tractor and cannot be seen 

unless the tractor is taken apart. 

Figure 258, B, shows them clearly. 

Figure 258, B, represents the flywheel 
with the magnets and clamps. 

2. Locate the magneto coils (Fig. 

258, A). There are sixteen of these 
coils, all wound with one continuous 
flat copper wire. One end of this 
wire is grounded to the metal of the 
engine; the other end is connected 
to the magneto contact terminal 
(Fig. 259, g). In the Fordson mag- 
neto the magnets revolve and the 
armature is stationary. The magnet 
clamps, when revolving, clear the 
core of the magneto coils by ^2 

3. Loosen the three screws which 
hold the magneto contact terminal Fio. 258.— Fordson magneto. 
(Fig. 259, g) in place and remove it. 

Wipe the contact spring clean and see that it makes a firm 
contact with the magneto coil. 

4. Disconnect the wire leading from the magheto to the coil 
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box (269, a). Wipe off the porcelain insulation on the coil box 
to which this wire is attached and then replace the wire. 

5. Unlatch the top of the coil box (Fig. 259, 6) and pull all 
four of the induction coils out of the box. 

6. Notice the brass strip in the bottom of the coil box. 
This strip carries the current from the magneto into all four of 
the coils. The wire from the magneto, which was removed 



Fia. 259. — ^Wires used in Fordson ignition system. 


and cleaned in instruction No. 4 above, leads to this strip. 
Wipe the brass strip clean and dry, 

7. Examine one of the four coils. It has one contact ter- 
minal on the bottom and two on the back. The bottom one 
carries the primary current of the magneto from the brass strip 
into the coil box. The upper terminal on the back carries the 
primary current from the coil to the wire leading to the com- 
mutator (Fig. 259, c). The lower terminal on the back of the 
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coil carries the secondary current from the coil to the wire lead- 
ing to the spark plug (d). 

Note, The interior construction of the induction coil is 
shown in Fig. 263, and its action is explained in instruction 
No. 13 below. Wipe all the contact terminals clean. 

8. Examine the vibrators on top of the coils (Fig. 260). 
Note the stationary bridge (a) across the top of the vibrator. 
This bridge carries a 
small point of tungsten 
metal on its under side. 

Note the movable arma- 
ture (c) below the bridge. 

This carries a point of 
tungsten metal on its 
upper side. The adjust- 
ment and care of these 
points arc important. 

They should be adjusted 
so that there is a gap of 
^ in. at the point in- 260 . — Detail of vibrator, 

dicated by the arrow (d). 

This adjustment is made by the two nuts (?>). Clean the 
points with a small, flat file. Hold the armature down and 
insert the file between the points. In this way both points 
may be filled at once and may be more easily kept level. File 
until all pits are removed and the surface of the points is clean 
and bright. 

9. Note the four wires that connect the upper terminals of 
the coils to the coinniutator (b^ig. 259, e). Disconnect these 
wires from the coil box. Wipe off the porcelain insulators to 
which they connect, and replace the wires. Be sure to replace 
them in their original position. 

10. Locate the commutator (Fig. 259, e). Remove the com- 
mutator case. To do this, take the cotter pin out of pullrod 
connection (Fig. 261, c) and loosen the nut that holds the 
flat spring (261, A), Examine the metal segments (a). These 
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should be smooth, not rough or ridged. If the surface of these 
segments is rough, the commutator roller (6) makes a poor 
contact, and a very weak spark is given at the spark plug. If 
the insulation between these segments becomes oil-soaked and 
dirty, it may cause a short circuit between the segments and 
uneven firing of the engine. Clean the outside of the commuta- 
tor case. If the commutator segments have become rough, or 
the insulation oil-soaked, the entire commutator case should 
be replaced. 

11. Note the hole in the top of the commutator case 



Fig. 261. — Detail of commutator. Fig. 262. — Oiling the commutator. 


(Fig. 262). This should be oiled at least twice for every ten 
hours of operation. Frequent oiling prevents rapid wear of the 
roller and segments. The oil used in the crankcase of the 
engine may also be used for this purpose. 

12. Note the commutator roller (Fig. 261, b). This roller 
revolves and makes contact with each of the four segments. 
When it is touching a segment, the coil which is attached to that 
segment will be brought into action and will send a spark to the 
cylinder to which it is connected. The commutator roller 
must make a good, firm contact with the segment. The cur- 
rent that flows here is low-tension, that is, there is a low elec- 
trical pressure behind it, and it must have a good path to travel 
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over. The spring which holds the roller against the contact 
point must be of proper tension. It frequently becomes weak 
and must be replaced. 

13. Study the interior construction of the Fordson induction 
coil unit (Fig. 263). The current from the magneto is a 


low-tension, alternat- 
ing current of about 
20 to 25 volts when 
the motor is running 
at 1000 R.P.M. This 
current enters the coil 
at the primary contact 
terminal (k) and flows 
around the primary 
winding. The primary 
winding (/) is com- 
posed of 222 turns of 
coarse, insulated cop- 
per wire, which is 
wrapped around a 
soft-iron core (j). The 
current generated by 
the magneto flows 
through the primary 
winding and magnet- 
izes the core. This 
core, when magnetized, 
pulls down the vibrator 
armature which sepa- 



rates the vibrator 


points, and stops the 203^ — Cross section of Fordson induc- 

flow of the primary ti„n coil. 


current. When the cur- 


rent is stopped, the core becomes demagnetized, the vibrator 
points spring back together, the current starts flowing again, 
and the same process is repeated. This action takes place very 



418 


MAGNETOS AND IGNITION 


rapidly, so rapidly that the vibrator, springing back and forth, 
gives a steady buzz. Each time the vibrator points are together, 
the soft-iron core becomes a magnet and has a magnetic field 
about it. Every time the vibrator points separate, this magnetic 
field is destroyed and a current of high voltage is induced in the 
secondary winding (h). This quick change in the strength of 
the magnetic field generates a current of great strength or 
voltage (8000 to 20,000 volts) in the secondary or high-tension 
circuit. The secondary winding is composed of 16,400 turns 
of very fine insulated copper wire, one end of which is con- 
nected to the primary at (^"), and the other brought out to the 
secondary (high-tension) terminal at (/). From here it is 
carried by a heavily insulated wire to the spark plug. The 
condenser (Z) which might be called an electric sponge, is com- 
posed of alternate sheets of tin foil and wax paper, rolled up 
and pressed together under heat. It has the ability to soak 
up or store electricity for a short interval. By absorbing any 
excess current which might arc across the points while they are 
opening, it helps to make the primary current stop flowing the 
instant the vibrator points oixm. It also prevents tlie excessive 
sparking and pitting of the vibrator points. A large, red 
spark at the vibrator points causes the points to burn out 
quickly and indicates a broken-down condenser. Trace the 
path of both currents through the induction coil. The arrow 
points indicate the path of the primary current through the coil. 

14. Remove one of the spark plugs. Note the distance 
between the points. This should be 3^2 in. 

At the base of the plug are two electrodes, one of which 
passes through the center of the porcelain ; the other is attached 
to the metal sh(dl. The current in the secondary circuit, 
because of its very high voltage, is forced to jump across the 
space between these electrodes, thus causing a spark which 
lights the fuel. 

15. Adjust all four spark plugs to ^ in. gap. Have them 
clean and dry. Be particularly careful to remove all burned 
oil or carbon from the porcelain. 
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16. Locate all wires used in the ignition system. 

There are ten external wires used in the Fordson Igni- 
tion System. One of these leads from the magneto contact 
terminal to the coil box, and then, through a connection, to 
the brass rail in the bottom of the coil box (Fig. 259, a). Four 
heavily insulated wires or cables run from the lower contact 
terminals on the back of the coil box to the cylinders (Fig. 
259, d). These wires run in direct order. Number 1 spark plug, 
which is nearest to the radiator of the tractor, connects with 
a wire to No. 1 coil, which is also the one near(\st the radiator. 
Spark plugs and coils are numbered from the front backward, 
in direct order to No. 4. Number 2 spark plug is connected to 
No. 2 coil, No. 3 spark plug to No. 3 coil, and No. 4 spark plug 
to No. 4 coil. Four small wires, all assembled in a conduit 
(Fig. 259, c) lead from the Uf)per contact terminal on the back 
of the coil to various sections of the commutator. The wire 
from No. 1 coil is usually colored olive, and leads to the com- 
mutator segment No. 1. This is the segment directly above 
the pull-rod connection (Fig. 261, c) on the commutator case. 
To aid in tracing them tlirough the conduit, these wires are 
given four different colors. Number 2 coil, or the black 
wire, is attached to the commutator segment directly below 
the pull-rod connection. Number 4 coil, or the green wire, is 
attached to the next commutator segment, and No. 3 coil, 
or the red wire to the last segment. 

This means that No. 1 cylinder will receive a spark first, 
then No. 2, then No. 4, and finally No. 3. The firing order is, 
therefore, 1 2-4-3. 

Whenever the commutator roller is in contact with the seg- 
ment that connects to No, 1 coil, No. 1 spark plug will be 
receiving a spark. When the roller is in contact with the seg- 
ment to which No. 2 is attached. No. 2 spark plug will receive 
the spark, and similarly for No. 3 and No. 4 spark plugs. The 
last of the ten wires (Fig. 259, /) of the Fordson Ignition System 
leads from the magneto contact to the switch terminal on the 
dash. When this switch is closed the current from the magneto 
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is diverted from the coils and grounded. Hence this switch is 
used to stop the motor and is called the shorting switch.'' 

17. The spark is retarded by shifting the commutator case 
in the same direction that the commutator roller revolves. In 
this position the roller will touch No. 1 segment just as No. 1 
piston reaches the top of its stroke. Remove the spark plug 
from No. 1 cylinder and crank the motor slowly until the com- 
mutator roller just touches No. 1 segment. It will now be 
possible to feel No. 1 piston with a wire inserted through the 
spark-plug hole. It should be at the very top of its stroke. 

18. The spark is advanced by moving the commutator case 
in the opposite direction from that in which the commutator 
roller revolves. Crank over the motor again until the roller 
just touches No. 1 segment. Now note the position of the pis- 
ton in No. 1 cylinder. It has not yet reached the top of its 
stroke. The spark is therefore said to be early or advanced. 

Caution . — The spark lever should always be retarded when 
cranking the motor. It should always be advanced when the 
motor is running, as running the motor with a retarded spark 
will cause overheating. 


QUESTIONS 

1. Where are the two ends of the flat copper wire of the 
magneto coils fastened? 

2. Between what two parts does the magneto contact (Fig. 
259, g) make connection? (Wires a and /, Fig. 259, are attached 
to the magneto contact.) 

3. How is the current from the magneto distributed to the 
four coils in proper order? 

4. Describe the purpose of the three contact tenninals on 
the Fordson coil unit. 

5. What is the function of the primary winding of the coil 
unit? 

6. What is the function of the secondary winding of the 
coil unit? 
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7. Would you get a severe shock by touching a commutator 
segment when the motor is running? 

8. Would you get a severe shock by touching a spark plug 
when the motor is running? 

9. If the vibrator points of a coil spark heavily, what 
is wrong? 

10. Draw a diagram or sketch showing how the wires are 
connected from each of the four coil units to the commutator. 

11. Would a satisfactory spark be secured if the vibrator 
points were spaced too far apart? 

12. Would a satisfactory spark be secured if the vibrator 
points were spaced too close together? 

13. Tell briefly the purfX)se of each of the external wires of 
the ignition system. 

14. Why is it necessary to provide a good passage for the 
electric current across the vibrator points? 

15. Trace the path of the primary current throughout its 
entire circuit, naming in order every part through which it 

16. Trace the pa th of the secondary current throughout its 
entire circuit, naming in order every part through which it 
passes. 

17. Explain how you would check up to determine if the 
ignition is properly timed. 

COMMON IGNITION TROUBLES 

The ignition troubles described in the following paragraphs 
are easily located and quickly remedied by an efficicmt tractor 
operator. If the ignition system is kept in good condition, and 
if the adjustments described in this chapter are carefully main- 
tained, ignition troubles will be largely avoided. 

1. Spark-plug Electrodes Set too Far Apart. — This causes 
the engine to misfire, particularly at high speeds or under 
heavy loads. It also causes the end of the insulation in the 
plug to become charred. Adjust to proper distance. 
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2. Spark-plug Electrodes Set too Close Together. — This 
causes the engine to misfire, particularly under light loads. It 
also is likely to cause the plug to foul, as a bit of oil may bridge 
across between the electrodes. Adjust to proper distance. 

3. Dirty or Fouled Spark Plugs, — These cause the engine 
to misfire. There are several reasons why spark plugs foul or 
get dirty. 

(a) Insulation of the plug cracked. 

(h) Too much oil in engine. 

(c) Fuel mixture too rich. 

(d) Valves not seating properly. 

(e) Electricity not reaching the spark plug because of trou- 
ble in the magneto or in the wires leading to the spark plug. 

Remove the plug and clean it. Locate and remedy the 
cause of the trouble. 

4. Loose Wires. — All the wires of the ignition system must 
be tightly connected, and all the connections clean and dry. 
Do not allow oil or moisture to collect on the wires or connec- 
tions. 

6. Magneto Breaker Points Out of Adjustment or Dirty. — 

This causes the engine to misfire or to stop entirely. It fre- 
quently causes firing in the muffler. Examine the points. 
Clean and adjust them as in Job No. 37. 

6. Magneto Distributor Arm Dirty. — This causes the engine 
to misfire and run unevenly. Clean with a cloth dipped in 
gasoline, as described in Job No. 37. 

7. Insulation of Wires Broken or Oil-soaked. — This causes 
the engine to misfire. Replace the defective wires, or wrap 
the places where the insulation is bad with tape. 

8. Spark Advanced too Far. — This causes a clicking noise 
in the cylinders. Usually this is noticeable only under very 
heavy loads, and does not often occur in tractor engines if the 
magneto has been properly timed to the motor. Check the 
timing of the magneto (Job No. 36). 

9. Spark Retarded too Far. — This causes loss of power and 
overheating of the engine. Keep the spark advanced as far 
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as possible whenever the engine is running. (Always retard 
spark when cranking the engine.) 

10. Magneto not Timed Properly.— It is possible for the 
coupling between the engine and the magneto to wear to such 
an extent that the timing will be affected. This causes over- 
heating, irregular action, and loss of power. Chock the timing 
as described in Job No. 36 and replace the coupling between 
the magneto and the engine. 

11. Magneto and Wires Wet.— As a result of this condition, 
there may be no spark delivered to the plugs. In this case the 
engine will not start. Dry all parts of the ignition system 
thoroughly. 

12. Too Much Oil in the Magneto. — This causes an irregular 
and weak spark to be delivered to the plugs. Magnetos should 
be oiled very carefully. Too much oil is harmful. 

13. Breaker-point Cam Worn or Loose.— The breaker-point 
cam (Fig. 256, d) may become worn so that it does not open 
the points properly. This causes weak ignition and irregular 
operation of the engine. In some magnetos this cam is pinned 
or keyed to the armature shaft. Test the cam to make sure it 
is tightly fitted to the armature shaft. 

14. Breaker-point Spring Weak. — The breaker points are 
opened by the action of a cam, as illustrated in k'ig. 256, d. They 
are closed by the action of a small spring built into the breaker- 
point assemblj^ If this spring becomes weak, the points will 
not close properly. Such a condition causes misfiring and 
firing in the muffler, particularly at high engine speeds. A 
weak breaker-point spring should be replaced with a new one 

16. Worn Armature Bearings. — Worn bearings may cause 
the armature to strike against the pole shoes (Fig. 252, b). 
This condition will result in weak ignition, and the breaker- 
point cam will not function properly. Ball bearings are used 
on the armature shaft (Fig. 255, e). They are not adjustable 
and must be replaced if badly worn. 



CHAPTER XIV 


REPAIRING 

The jobs outlined in this chapter have been selected because 
they are often necessary. They do not include all tractor 
repair operations; but if the student masters these he should 
be able to undertake such other jobs as may be necessary. 
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Job No. 39 

TO ADJUST AND REPAIR THE STEERING GEAR 

Equipment Necessary —Tractor, complete with all parts of 
the steering gear. 

Operations Necessary to Perform the Job. 

1. Test steering gear for looseness. Adjust mesh of steering worm 

and gear to take up wear. 

2. Inspect and tighten joints on steering arm, drag link, and 

steering-knuckle arm. 

3. Test spindles and spindle pins for wear. 

Put in new spindle pins and spindle-pin bushings if necessary. 

4. Clean and refill grease cups or grease-gun fittings on spindle, 

pins. 

6. Adjust length of tie rod so that front wheels “ toe in slightly 

at the front. 

Description of Operations. 

1. Turn the steering wheel to the right until it just begins 
to move the front wheels, then turn in to the left until it begins 
to move the front wheels in the opposite direction. How much 
play (looseness) does the steering wheel have? It should not 
move more than 2 or 3 ins. in either direction without turning 
the wheels. Take up the end play (up and down movement) 
in the steering-wheel shaft by turning down the adjusting nut 
An adjustment is usually j^rovided for bringing the wonn and 
the worm wheel of the steering gear into closer contact when 
they become worn. This adjustment is made on many types 
of tractors by means of an eccentric bushing j)rovided on the 
worm-wheel shaft. If such an adjustment is found, loosen the 
set screws or bolts holding the bushing and turn it until the 
lost motion between the worm wheel and gear is removed. It 
may also be possible to separate the wonn and wprm wheel 
and move each one, so that when they are remeshed new and 
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unworn surfaces will be in contact. This is advisable if the 
worm and worm wheel are badly worn. 

If no such adjustment is provided, a complete replacement 
may be necessary. 

2. Examine the connections on the steering arm, drag link 
(Fig. 264, 6), steering-knuckle arms (Fig. 264, a), and tie 
rod (Fig. 264, e). These connections are usually provided with 
a simple adjustment. If the ball and socket type of connection 
is used, as shown in Fig. 264, b, take off the removable half of the 
ball and file it down sufficiently to make the connection tight. 



Fig. 264. — Parts of the steering mechanism. 


Oil these joints with an oil-can unless fittings or cups are pro- 
vided for grease. 

3. Test the spindles for wear. Figure 265 shows the 
spindle (a) and the spindle pin (6) or bolt which attaches the 
spindle to the front axle. By rocking the spindle up and down, 
a worn spindle pin will easily be found. Put in a new spindle 
pin if necessary. On most tractors the spindle pin passes 
through two brass bushings, one at the top and one at the 
bottom of the axle. On tractors that have bushings at this 
point, new bushings will usually take up any looseness. 

4. Clean the grease cup on the spindle pins (Fig. 265, c). Fill 
it with fresh grease and turn the cap down until you are sure the 
grease is being forced out on to the sides of the spindle pin. 

5. Adjust the length of the tie rod (Fig. 264, e) so that wheels 
toe in ” slightly at the front. 
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Job No. 40 

TO REPAIR AND ADJUST THE FRONT WHEELS 

Equipment Necessary.— Tractor with all parts of front axle 
and wheels. 

Operations Necessary to Perform the Job. 

1. Block up front end of tractor. 

2. Remove hub cap from one front wheel. 

3. Remove cotter pin and nut from outer end of spindle. 

4. Remove washer from outer end of spindle. 

5. Remove front-wheel and outer-wheel bearing. 

6. Remove inner-wheel bearing. 

7. Wash bearings and spindle with kcrosono. 

8. Replace felt washer on inner end of spindle if old one is not 

in good condition. 

9. Remove and clean grease cup or fitting in hub of front wheel. 

10. Test bearings carefully, both on spindle and in wheel. Re- 

place them, if necessary. 

11. Reassemble all parts in proper order. 

12. Tighten nut on end of spindle as required for proper adjust- 

ment. 

13. Fill hub cap with fresh grease and put it in place. 

14. Follow directions given above for other front wheel. 

15. Align wheels to toe in ” slightly at front, by adjusting 

length of tie rod. 

Description of Operations. 

1. Jack up the front wheels, supporting each side of the 
tractor securely with blocks. 

2. Remove the hub cap from one front wheel (Fig. 265, d). 

3. Remove cotter pin and large nut found just inside of 
hub cap. 

4. Remove washer found inside of nut at outer end of 
spindle. 
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5. Pull ofif the front wheel. Most tractor front wheels are 
mounted on two roller bearings. When the front wheel is 
pulled off, the outer one of these two bearings will be removed 
with the wheel (Fig. 265, e). 

6. Remove the inner bearing from the front axle (Fig. 
265,/). 

7. Wash these two bearings thoroughly with kerosene, to 
remove all sand and grit. 

8. Replace the felt washer on the inner end of the axle with 
a new one. This washer keeps the grease from getting out of 


dl 


Fi(i. 265. — Detail of front wheel and front axle. 

the axle and also prevents sand and dirt from getting in. These 
felt washers are not supplied on all tractors. 

9. Remove the grease cup from the front wheel. Clean 
out old grease and wash out all parts. Fill the cup with fresh 
grease and screw the cap down until it forces the grease out of 
the bottom of the grease cup. Then replace the grease cup in 
the wheel. 

10. Examine the bearings carefully. Compare them with 
a new one to see how much they are worn. Test the fit of the 
bearings on the spindle and in the wheel. They should fit both 
places. Use new ones, if necessary. 

11. Assemble the inner bearing, wheel, outer bearing, 
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washer, and large nut. Cover the bearings with fresh grease 
before putting them on the axle. 

12. Tighten the large nut as much as possible without pre- 
venting the wheel from rolling easily. Rock the wheel sidewise 
to be sure there is no looseness between the wheel and the 
spindle. Put the cotter pin through the nut and spread the 
ends well. 

13. Fill the hub cap with fresh grease and replace it on the 
tractor wheel. 

14. Follow the same steps for the other front wheel. 

15. Adjust the length of the tie rod (Fig. 264, e) so that the 
wheels “ toe in ” slightly to f in.) at the front. 
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Job No. 41 

TO CLEAN AND REPAIR THE COOLING SYSTEM 

(See Fig. 243) 

Equipment Necessary. — Tractor with all parts of cooling 
system. 

Note. — A mixture of 1 part muriatic acid to 7 parts water, 
kept in the cooling system for thirty-six hours, will loosen up all 
rust and scale. 

Operations Necessary to Perform the Job. 

1. Test radiator for leaks. 

2. Drain cooling system and remove radiator. 

3. Wash out radiator. 

4. Wash out water jackets. 

5. Solder any leaks in radiator. Remove radiator core from shell 

or casing, if necessary. 

6. Test fan bearing. 

7. Inspect and tighten fan blades. 

8. Examine fan belt. Replace it, if necessary, and adjust belt to 

proper tension. 

Description of Operations. 

1. Fill the system with water and examine the radiator 
carefully to locate any leaks. Mark the place where the leaks 
are. 

2. Drain water. Remove the radiator from the tractor. 

3. Turn the radiator upside-down and wash it out thor- 
oughly. Use a stream of water under pressure if possible. 

4. Flush out the water jackets around the cylinders with a 
stream of running water. 

5. Solder any leaks in the radiator. It may be necessary 
to remove the radiator shell or case to have access to the 
places to be soldered. 
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6. Examine the fan bearing. Rock or twist the fan back 
and forth to determine if the bearing is worn. If so, replace 
with new bearing. See that this bearing is well lubricated. 

7. Examine the fan blades. Tighten the rivets that hold 
the blades, if necessary. 

8. Examine the fan belt. If it is dry and hard or shows signs 
of being cracked or burned, it should be replaced. When put- 
ting these parts together be sure that the fan belt has proper 
tension. It should be just tight enough to turn the fan without 
slipping— not too tight. 
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Job No. 42 

TO GRIND THE VALVES AND CLEAN CARBON FROM CYLINDER, 
CYLINDER HEAD, AND PISTONS 

Equipment Necessary. — Tractor engine that has been in 
service for some time. 

Operations Necessary to Perform the Job. 

1. Drain cooling system. 

2. Remove cylinder head and cylinder-head gasket. 

3. Scrape carbon from cylinders, cylinder head and piston head. 

4. Remove valves. 

5. Mark valves to make sure of replacing them in their original 

positions. 

6. Clean the valve stems. 

7. Grind valves. 

8. Wash all parts of valves and valve scats with gasoline. 

9. Reassemble valves in their original positions. 

10. Test tension of valve springs and replace any weak valve 

springs. 

11. Place cylinder-head gasket and cylinder head in position, and 

tighten all cylinder-head bolts. 

12. Adjust valve-stem clearance. 

Description of Operations. 

1. Drain the water from the cooling system. 

2. Remove the cylinder head (Laboratory Study No. 24, 
page 357). 

3. Clean the carbon from the inside of the cylinders, cylinder 
head, and piston, with carbon scraper or putty knife, as shown 
in Fig. 266. 

4. Remove the valves. To do this it is necessary to com- 
press the valve spring and pull out the small pin or washer which 
retains the valve spring. This is easily done with a valve 
lifter, as shown in Fig. 267. A valve lifter can be easily made if 
there is none in the shop. 
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5. Mark the valves with a punch mark on the valve head, 
so that they may be replaced in the same valve seats. Some 
engines have numbers 
stamped on the head of the 
valve for this purpose. 

6. Clean the valve stems 
with emery cloth. All car- 
bon must be removed from 
the valve stem, or the valve 
will not work freely. Use 
a fine grade of emery and 

get the valve stems clean aee.-RemovinR carbon from 

and smooth. head of piston 

7. Grind the valve (Fig. 

268). The object of grinding the valve is to remove all carbon 
from the face and to make the valve seat tightly. 




434 


REPAIRING 


coarse. Start the grinding with the coarse and 
finish with the fine grade.) 

(c) Press the valve down against the seat and oscillate 

the handle of the tool back and forth. Do not 
turn it around in a complete circle. Raise the 
valve from the seat frequently and add more com- 
pound when necessary. 

(d) Wash the valve and seat clean with waste and gaso- 

line, and examine the work. Grinding must be con- 
tinued until all marks and pits are removed and 
the valve and valve seat are clean and smooth. 

8. Wash the valves, valve seats, springs, and the guides 
through which the valves work, with gasoline. 

9. Reassemble the valves in their proper seats with the use 
of the valve lifter, and put valve retaining washers and pins in 
place. It is important that these parts be carefully washed 
before they are put back in the motor. If any of the valve- 
grinding compound should remain on the valve or valve seat, 
the valve would not close properly. 

10. Test the tension or strength of the valve springs when 
the valves are in place. This test can be made to the best 
advantage after the valves have been ground and the valve 
stems cleaned. All the springs should be equally strong. If 
any are noticeably weaker than the rest, the weak ones should 
be replaced with new springs. 

11. Reassemble the cylinder-head gasket and cylinder head 
as described in Laboratory Study No. 24. 

12. Adjust the valve-stem clearance as described in Job. 

No. 43. 



REPAIRING 


435 


Job No. 43 

TO ADJUST THE VALVE-STEM CLEARANCE 

Equipment Necessary. — Any engine having camshaft, 
valves, valve tappets, valve springs, and spring retainers in 
place. If an engine with valves in the cylinder head is used, 
the push rods and rocker arms are also necessary. 

Operations Necessary to Perform the Job. 

1. Refer to Figs. 269 and 270. Determine point at which valve- 

stem clearance is to be adjusted. 

2. Crank engine until valve to be adjusted is fully closed. Mea- 

sure clearance between valve stem and tappet with a thick- 
ness gauge. 

3. Adjust clearance according to specifications of manufacturer. 

4. Secure adjustment with lock nut provided, and check clearance 

measurement again. 

Description of Operations. 

1. Study Fig. 269, carefully. When the cam points away 
from the valve tappet, there is an air space between the valve 
stem and the adjusting screw. When the engine runs, these 
parts get hot and expand. If this air space were not provided, 
these parts, when hot, would touch all the time and the valve 
would not close. This space varies on different engines. In 
some it is 0.010 in., in others 0.012 in., etc. The exact spacing 
should be known. The instruction books provided by the 
manufacturer give this information. The valve-stem clear- 
ance is adjusted between the valve stem and the valve tappet 
(Fig. 269) or between the rocker arm and the valve stem (Fig. 
270), depending upon the type of engine. 

2. Crank the engine until the valve you wish to adjust is 
fully closed. Measure the distance between the valve stem and 
the tappet adjusting screw with a thickness gauge. (This 
gauge has a number of leaves of different thickness. Select the 
proper one for the engine you are working on. See Figs. 269 
and 270.) 

3. Adjust the space so that you can just move the leaf of 
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the gauge between the valve stem and the tappet. This 
adjustment is made by first loosening the lock nut and then 
screwing the tappet adjusting screw in or out as necessary* 



Fig. 269. — Measuring valve stem clearance with thickness gauge. 


4. Secure the adjustment when it is right, by tightening 

down the lock nut 
(Fig. 269) . Meas- 
ure the space with 
the gauge again, to 
make sure that it is 
right. This adjust- 
ment is called the 
valve-stem clear- 
ance. It must be 
accurate. If there 
is not enough space 
here, the valve will 
open earlier and 
close later than it 
should, or it may 
not seat firmly. If 



Fig. 270. — Adjustment of valve stem clearance on 
valve-in-head motor. (Clearance is measured at 
point indicated by arrow.) 


there is too much space, the valve will open later and close earlier 
than it should. In cither case the cylinder will not develop its 
full power. Insufficient valve stem clearance usually causes the 
cylinder to misfire at idling speed or when under light loads. 
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Job No. 44 

TO TEST AND ADJUST THE CONNECTING-ROD BEARINGS 

Equipment Necessary.- -Tractor engine with pistons, con- 
necting rods, and crankshaft. For practice work, th(^ engine 
need not be in running condition. 

Operations Necessary to Perform the Job. 

1. Drain oil and remove crankcase. 

2. Test each connecting-rod hearing. 

3. Remove cotter pins from bearing to he ndjusted. 

4. Run off castellated nuts from bottom half of bearing. 

5. Remove bottom half of bearing. 

6. Remove shims, as reciuired. 

7. Test bearing. 

8. Put in new colter ])ins. 

9. Adjust aii}^ other loo.se connecting-rod ])earings. 

10. Put on crankcase gasket and crankcase. 

Description of Operations. 

1. Drain the oil from the engine and remove the crankcase 
pan or entire case if necessary (see Laboratory Study No. 23). 

2. Test each connecting rod. To do this, crank the engine 
until any one piston is on bottom center. Push the connecting 
rod up and down to see if it is loose on the shaft and can be 
moved vertically. 

Note . — A certain amount of horizontal movement or side 
play is permissible, but there should b(‘ no noticeable play up 
and down. Make this test carefully. Jt is sometimes difficult 
to discover a slight amount of wear at this point. 

3. Remove the cotter pins from the* castellated nuts on the 
bottom of the connecting-rod bolts (h'ig. 271). 

4. Run off the castellated nuts. 

5. Remove the bottom half of the connecting-rod bearing. 
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Be careful not to let the shims drop and get mixed up (Fig, 
272). 

6. Remove one shim from each side of the bearing. (Select 
those of equal thickness.) 

7. Put on the bottom cap again and draw the nuts up tight. 





Fig. 271. — Connecting-rod and 
wrist pin. 


Fig. 272. — Shims used in 
connecting rod liearings. 


While testing the fit of one bearing, loosen the nuts on all the 
other connecting-rod bearings. 

Test the bearing again for looseness. If it is still loose, 
remove another shim from each side. Continue removing shims 
until the connecting rod shows no sign of vertical movement 
when pushed up and down against the crankshaft. 

Crank the engine. If the bearing has been made too tight, 
the engine will turn over very hard. In this case it may be 
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necessary to add a thin shim to each side. This bearing must 
be accurately adjusted. It must be neither too loose nor too 
tight. 

8. Put new cotter pins through the castellated nut. Use 
the largest size possible, and spread the ends carefully. This 
cotter pin is essential. If the nuts should come off when the 
engine is running, a serious smash-up would result. 

9. Adjust the other loose connecting-rod bearings in the same 
manner. 

10. Replace crankcase. Be sure that the gasket is in good 
condition (sec Laboratory Study No. 23). 

11. Tighten all bolts thoroughly. Be 
sure that all bolts have lock washers. 

When a connecting-rod bearing is badly 
worn, it may be necessary to put in new 
bearing bushings (see Fig. 273). Before 

these can be put in, they must be scraped Fi(j.273.--Babbitt bush- 
X xi_ 1 i-x • • • mgs vised in coimecting- 

to fit the crankshaft. Bearing scraping is i u • 

taken up m Job No. 44. 

Note . — The main bearings of the crankshaft are adjusted 
in much the same way as the connecting-rod bearings. They 
are fitted with removable shims also, which should be removed 
as the bearing wears. It is usually more difficult to test a main 
bearing, as the whole crankshaft must be moved up and down 
in the bearing in order to detect the wear. To do this it is 
advisable to use a bar of iron or a jack so that the shaft may 
be moved easily. The oil grooves in the bushings of the main 
bearings and the connecting-rod bearings should always be 
cleaned out carefully when the adjustment is made. 
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Job No. 45 

TO SCRAPE AND FIT NEW CONNECTING-ROD BUSHINGS 

Note . — These bushings are made of soft babbitt metal. 
The surface looks perfectly true and smooth to the eye, but it is 
usually not so. There are high spots and uneven places. If 
a new bushing wcnj placed in the connecting rod in this condi- 
tion, only the high sj)ots would actually touch the shaft. These 
would soon wear down. The bearing would quickly become 
loose, and the engine would knock. 

Bearing scraping k'vels down the high spots and allows all 
the surface of the busliing to bear on the shaft, thus providing 
a well-fitted bearing that will give good service. 

Equipment Necessary. — (-rankshaft; connecting rod; new 
babbitt bushings; Prussian blue (a blue paste or coloring 
matter) ; bearing scrapers. 

Operations Necessary to Perform the Job. 

1. Give crankshaft a light coat of Prussian blue where the bush- 

ing is to be fitted. 

2. Assemble connecting rod on crankshaft in inverted position. 

3. Rock coniK'cting rod back and forth several times. 

4. Remove connecting rod and examine blue marking on bushings. 

5. Scrape blue sj)o1s lightly. 

6. Repeat ()i)erations 1, 2, 3, 4, and 5 until approximately three- 

quarters of surface of bushings show blue. 

7. Assem))l(^ bushing jiermanently in connecting rod and anchor 

it with jjins or screws, if these arc j)rovided. 

8. Clean oil grooves. 

9. h'ile (^dges of bushings if they project above halves of con- 

necting rotl. 

Description of Operations. 

1. Give th(‘ shaft a light coat of Prussian blue, where the 
bushing is to be fitted. To do this, take a little drop of blue 
on the end of one finger and rub it completely over the shaft 
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where the bushing is to be fitted. It is important that a very 
light coat be given. If the blue is put on too thickly, it will 
mark all of the bushing and 
will not indicate its true con- 
dition. 

2. Place the bushings 
(Fig. 273) in the connecting 
rod and assemble the con- 
necting rod on the crankshaft 
with the upper end down 
(inverted position), as shown 
in Fig. 274. Draw the nuts 
up tight. 

3. Rock it back and forth 
several times. 

4. Take off the connect- 
ing rod and examine the bushings 



Fid. 274. — Testing fit of new connect- 
ing-rod beiiring. 


Tlit'y will probably be 
marked somewhat like th(‘ one shown in Fig. 275, C. 

5. Scrape down the blue stiots very lightly with bearing 
scrapers, just enough to remove the blue (Fig. 275, A and B). 



Fig. 275. — Bearing scraping. 


6. Blue the shaft again. Put connecting rod on and rock it 
as before. 

Remove the connecting rod and examine the bushings. 
This time they should show more blue surface, as indicated in 
Fig. 275, D. 
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Repeat the process until at least three-quarters of the bear- 
ing surface is marked by the shaft (Fig. 275, E). 

7. Assemble the bushings permanently in the connecting rod. 
Anchor the bushings, with the rivets or screws provided, to 

both halves of the connecting rod. 

8. Clean out the oil grooves in the bushings. 

9. File off the edges of the bushing if they project above the 



Fin. 270. — Filing down edges of babbitt bushings. 


sides of the connecting rod (Fig. 27G). The new bearing is 
now ready to bo adjusted to the crankslmft by means of the 
shims, as described in Job No. 44. 

Note . — New bushings for the main bearings must be fitted 
and scraped in the same manner as connecting rods. Bearing 
scraping requires careful, accurate work. The student should 
be given several practice jobs before he is allowed to fit bearing 
on a motor that is to be used for field service. 
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Job No. 46 

TO REMOVE THE PISTON, CLEAN THE PISTON RING GROOVES, 
AND FIT NEW PISTON RINGS 

Equipment Necessary. — Complete tractor engine. 

Note, — New piston rings are required when the old piston 
rings allow oil to pass them and enter the combustion chamber. 
This causes the si)ark plugs to foul (juickly. Worn piston 
rings also cause loss of power and rapid dilution of the oil in 
the crankcase. 

Operations Necessary to Perform the Job. 

1. Take off crankcase pan. 

2. Take out cotter pins and remove castellated nuts from one 

connecting rod. 

3. Remove lower half of connecting-rod bearing. 

4. Remove piston. 

5. Remove piston rings. 

6. Clean carbon out of ring grooves. 

7. Fit new rings to piston. 

8. Fit new rings to cylinder. 

9. Fit new rings to oth(»r pistons in same manner. 

10. Turn rings on piston so that ring ends an? not in line. 

11. Oil each piston and cylinder wall and replace pistons. 

12. Adjust connecting-rod bearings and reassemble all parts. 

Description of Operations. 

1. Take off the lower half of the crankcase or crankcase pan 
so as to expose the connecting-rod bolts. 

2. Take out the cotter pins and remove the castellated nuts 
from the connecting rod. 

3. Pull off the lower half of the connect ng-rod bearing. 
Be careful not to let the bearing shims fall and get mixed up. 
Lay them aside carefully so that they may be replaced on the 
same side of the bearing from which they were taken. 
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4. Swing the connecting rod to one side of the crankshaft 
and pull the piston out as shown in Fig. 277. 

Note , — In some engines there is not room enough for the 

piston to pass down 
past the crankshaft. In 
this case it is necessary 
to remove the cylinder 
head and take the pis- 
ton out of the top of 
the cylinder. 

5. Remove the rings 
from the piston, using 
three thin strips of 
metal as shown in Fig. 
278. 

F.«.277.-Removing piston. 6. Scrape all the 

carbon out of the ring grooves. 

7. Fit the new ring to the piston. To do this, place the 




Fig. 278. — Konioving rings Fig. 279. — Testing ring in 

from ins ton. piston groove. 


new ring in the groove as shown in F'ig. 279, and roll it clear 
around the piston. If the ring sticks in the groove, place it 
flat on a sheet of emery paper and rub it down. The ring 
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must fit well down into the bottom of the groove. It should 
not be too loose. It should be fitted with not more than 0.002 
clearance, that is, so that the 0.002 leaf of the thickness gauge 
can be pushed in between the ring and the side of the groove. 

8. Fit the. new ring to the cylinder. This is done as shown 
in Fig. 280. Place the ring squarely in the cylinder and meas- 
ure the gap be- 
tween the ends of 
the ring with a 
thickness gauge. 

This is usually about 
0.010 in. for the top 
ring. If it is less 
than this, take the 
ring out of the cylin- 
der and file it through 
the cut in the ends of 
the ring with a 
small, flat file. Be sure to file on the same angle that the ring 
is cut. Try the ring in the cylinder again. It is necessary 
to have just the right space between the ends of the ring when 
it is in the cylinder. If the space is too small the ring, when 
heated, will expand; the ends will come together and the ring 
may break or score the cylinder. If the distance is much 
more than 0.010 in., the ring cannot be used, as this much 
space would allow the compression and power to escape past 
the piston. 

The second ring is usually given a smaller clearance than the 
top one, as it is subject to less heat. The specifications of the 
manufacturer should be followed on the clearance of all the 
piston rings. If they are not available, satisfactory results 
will be obtained by giving the top ring 0.010 clearance, the 
second O.OOS, and the remaining rings 0.006. 

9. Yit all the rings in the same manner and assemble them 
on the piston. In some cases the bottom side of the rings is a 
trifle larger than the top. This is usually marked, and the 
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rings should always be assembled with (he larger (marked) 
side down. 

10. Turn the rings on the piston so that the gaps between 
the ends of the rings do not fall in a line. Place the gaps about 
120° apart. 

11. Rub each piston and cylinder with oil and replace the 
pistons in the same cylinder from which they were removed. 

12. Reassemble and adjust all the connecting-rod bearings. 
Reassemble all parts. 
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Job No. 47 

TO TEST THE WRIST-PIN BEARING AND TO FIT NEW WRIST- 
PIN BUSHINGS 

Equipment Necessary. — ^Piston; wrist pin; and bushings. 

Operations Necessary :o Perform the Job. 

1. Test wrist-pin bushings for wear. 

2. Remove wrist pin and bushings. 

3. Inspect wrist pin for wear. 

4. Install new wrist-pin bushings. 

5. Install new wrist pin. 

6. Test fit of new wrist pin and bushings. 

Description of Operations. 

1. Refer to Fig. 281, A and J5. There are two types of 
wrist pins in general use. One, the stationary type (i4), is 



A B 

Fig. 281. — Two types of Fig. 282. — (Connection of wrist pin 

wrist pins. [hhUmi. 

fastened by a set screw near its outer edge to the piston (Fig. 
282, B). The removable bushing in this case is between the 
connecting rod and the wrist pin. The other, the oscillating 
type (Fig. 281, B), is clamped securely to the connecting rod 
by a bolt passing through a groove in its center (Fig. 281, B). 
In this case renewable bushings are pressed firmly over each end 
of the wrist pin into the piston (Fig. 282, A), 
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Test to see if the wrist-pin bushing is worn (Fig. 283). 
Hold the piston firmly with one hand and force the connecting 



Ficj. 283. — Testing wrist pin Fig. 284. — Removing wrist 

bearing. pin from connecting rod. 


rod back and forth. 



Fig. 285. — Tool for re- 
moving wrist pin and 


bushings. 


If there is wear in the wrist-pin bushings 
they must be replaced. These bushings 
are not adjustable. 

2. Remove the wrist pin and wrist- 
pin bushings. Figure 284 shows one 
method of removing the wrist pin. 
Figure 28»5 sliows a tool used for remov- 
ing wrist pins or wrist-pin bushings. 
Such a tool may easily be made if there is 
none in the shop. 

(a) Loosen the set screw that holds 

the wrist pin to the piston of 
the clamp bolt that holds it to 
the connecting rod. 

(b) Press the wrist pin out of the 

piston. If the pin is tight, it 
is advisable to use the wrist- 


pin remover (Fig. 285). 

(c) Remove the wrist-pin bushings from the piston or 
the connecting rod as shown in Fig. 285. The 
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bushings may be pressed out of the piston by 
using the piston-pin removeri The bushing is 
pushed to the inside of the piston. 

3. Examine the wrist pin. If it shows any signs of wear, 
a new one should be used. 

4. Press new bushings into the pistons or into the upper end 
of the connecting rod. The bush ngs must enter straight and 
fit tight. It should require a firm pressure to force them in. 
The bushings should be pressed into the piston until they clear 
the outside of it by ^ in. (Fig. 282, A). 

5. Fit the new wrist pins into the bushings. Select a wrist 
pin that fits the bushing tightly. If the pin is too tight and 
will not enter the bushing, the bushing must be enlarged slightly. 
To do this, a reamer is used. If the bushing needs only a slight 
enlargement, it can be ground out with emery paper. Wipe 
the bushings an 1 pin clean, after they are properly fitted. 
Rub oil in the bushings and on the wrist pin. Assemble the 
parts and tighten the set screw or clamp bolt. 

6. Test for accuracy of fit, as follows: 

(tt) Place piston in inverted position on bench and hold 
connecting rod upright. 

(h) Jar the bench or tap tlu^ connecting rod slightly. It 
thould fall gradually of its own weight. 
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LOCATING TRACTOR TROUBLES 

A good tractor operator can recognize immediately any of 
the following conditions; 

1. Any irregular running of the engine. 

2. Signs of overheating. 

3. Unusual noises or knocks. 

4. Loss of power. 

When any of these develop he stops the engine and removes 
the trouble. If the engine docs not start quickly, he does not 
continue to crank it but finds the cause of the trouble and 
remedies it. When the engine begins to knock, he should be 
able to determine what is causing the knock without taking the 
engine apart. If he can do this, then, when he is ready to repair 
or replace the parts causing the trouble, he does no unnecessary 
work. 

The student should practice operating the tractors in the 
laboratory until he “ learns their language.” His ear must be 
trained to know the sound of a perfectly running motor, and to 
detect any sound of skipping or uneven running. He must 
learn to watch the exhaust for any sign of black smoke, which 
will tell him that the fuel mixture is too rich, or any sign of 
white smoke, which will tell him there is too much oil in the 
engine crankcase. He will learn to recognize the odor of burn- 
ing oil, which will tell him that the engine is overheated. 

The tractor operator must be keenly alert at all times, or he 
will never be efficient. Much practice is necessary to become 
a skillful tractor operator. 

The following problems take up some of the simpler tractor 
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troubles. They will bring out some of the points mentioned 
above and give the student some operating experience. The 
students should spend as much time as possible on this work, 
and the instructor may add other problems to the list. An 
interesting method to follow is to have the students fix up trou- 
ble for each other. One student will put the tractor out of 
adjustment so that it will not start, and another student must 
find the trouble, remedy it, and start the engine. Or an engine 
may be adjusted by one student so that one cylinder will not 
fire. Another student is required to remove the cause of the 
trouble and start the engine. This work is called “ Trouble 
Shooting.” 
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LABORATORY STUDY NO. 36 

To start the engine and “ short ” one cylinder. 

Equipment Necessary. — Any four-cylinder tractor engine in 
running condition. 

Procedure. 

1. Fill the fuel tank with gasoline. (It is advisable to use 
gasoline for all laboratory practice. Frequent starting and 
stopping the engine makes the use of kerosene very inconven- 
ient.) Open the shut-off cocks underneath the fuel tanks. 

2. Fill the crankcase with oil up to the proper level. 

3. Fill all grease cups and turn down the grease-cup caps. 

4. Oil all parts that require oiling, with hand oil-can. 

5. Fill the air strainer with water to level mark (if water 
type is used). 

6. Trip the impulse starter (if any is used on the engine). 

7. Retard the spark lever. Be sure the ignition shorting 
switch is open. 

8. Open the throttle lever half way. 

9. Crank the engine. Pull choke lever on carburetor, if 
necessary. 

10. Advance the spark lever fully as soon as the engine 
starts (never allow the engine to run long with the spark 
retarded). 

11. Let the motor run slowly and easily until warm. 

12. Adjust the carburetor needle valve, as described in 
Laboratory Study No. 33. 

13. Take a wooden-handled screw driver and place the end 
of the blade against the metal of the motor. Touch the mid- 
dle portion of the blade against the top of the spark plug. 
This is called shorting,^’ or “ short-circuiting,” the cylinder, 
and it stops the cylinder from firing. 

14. Listen carefully to the sound of the engine when this 
cylinder is “ shorted.” Try this several times until you know 
how a four-cylinder engine sounds when one of the cylinders 
is not firing. 
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LABORATORY STUDY NO. 37 

To locate a missing cylinder 

Equipment Necessary. — A four-cylinder tractor engine in 
running condition. A spark plug in one cylinder should have 
the electrodes set by the instructor so that there is no gap be- 
tween them. This will cause the cylinder to miss.” 

Procedure. 

1. Start the engine, as described in Laboratory Study 
No. 36. 

2. Short the cylinders, one after the other. 

3. Notice the effect of shorting each cylinder. 

(a) Does the motor slow up each time a cylinder is 
shorted? Which cylinder, when shorted, does not 
slow up the engine? 

4. Stop the engine. Remove the spark plug from the 
cylinder which, when shorted, did not slow up the engine. 

5. Adjust the spark-plug electrodes carefully, and replace 
the plug in the cylinder. 

6. Start the engine and short this cylinder again. Does it 
slow up the engine now? 

Note , — This is the best method of locating a missing cylin- 
der. Short one cylinder after the other, with a screw driver. 
If the cylinder is working properly, when it is shorted the engine 
will slow up. If a cylinder is missing,” shorting it will make 
no change in the sound of the motor. 
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LABORATORY STUDY NO. 38 

To determine the e^ect of the valve-stem clearance being 
out of adjustment. 

Equipment Necessary. — Tractor engine in running condi- 
tion. Valve-stem clearance on one valve is adjusted by the 
instructor so that valve will not close. 

Procedure. 

1. Start the engine, as described in Laboratory Study 
No. 36. 

2. Locate the cylinder that is not firing. 

3. Stop the engine. 

4. Examine the valve-stem clearance on both the valves 
in this cylinder. 

5. Adjust the valve-stem clearance properly as explained 
in Job No. 43. 

6. Answer the following questions. 

(а) How would a weak valve spring affect the running 

of the engine? 

(б) How would a sticking valve affect the running of 

the engine? 

(c) What effect do dirty valves have on compression? 

(d) Why is valve grinding necessary? 

(e) How can you tell, without taking the engine apart, 

if the valves need grinding. 
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LABORATORY STUDY NO. S9 

To locate a loose connecting rod ai&i bearing. 

Equipment Necessary. — Tractor engine with one loose con- 
necting rod. An old engine should be used for this problem. 
It must be run just long enough for the student to determine 
which connecting rod is loose. 

Procedure. 

1. Start the engine. 

2. Run the engine fast, and then slow it down until the 
knock, caused by the loose bearing, is as loud as you can possi- 
bly make it. 

3. Short the cylinders, one after the other. (The knock 
will decrease when you short the cylinder that has the loose 
connecting rod in it.) 

4. Try this several times until you are sure that you have 
found the right one. 

Note— A loose connect'ng-rod bearing knocks more when 
the load on the engine is light than when it is heavy. A heavy 
pull usually causes a connecting-rod knock to decrease. 
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LABORATORY STUDY NO. 40 

To Wire the magneto to the motor. 

Note , — This problem is included in Job No. 36, but it may 
be repeated with good results. 

Equipment Necessary. — Tractor engine in running condi- 
tion. All spark-plug wires removed. Magneto is not removed 
and is in proper time with the engine. 

Procedure. 

1. Determine the firing order (see Laboratory Study No. 
34). 

2. Crank the engine until No. 1 piston is on top center at 
the end of the compression stroke. 

3. Remove the distributor cover from the magneto. 

4. See which segment the distributor arm is pointing to. 

5. Connect a wire from this segment to No. 1 spark plug. 

6. Connect wires from the other segments to the cylinders, 
according to the firing order of the engine. 

7. Start the engine, to determine if your wiring is correct. 

The following list may be used as a basis of problems 
in locating troubles. These are real troubles that actually 
occur in field work, and yet they can easily be made to occur in 
the laboratory. Such work gives the student an excellent 
opportunity for practice in locating troubles. Ilis success as 
an operator depends largely upon his ability in this sort of work. 
He should be given as much experience as possible in trouble 
shooting. Any of the following troubles may be arranged by 
one student for another. If the student trying to locate the 
trouble has no idea where it will be, when he begins work, any 
one of this list will give him a real test. 

1. One or more spark plugs cracked. 

2. Vent hole in fuel tank plugged up. 

3. Wires from magneto to spark plugs in wrong position. 

4. Air leaks between carburetor and cylinders. 
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5. Fuel line stopped up. 

6. Float in carburetor stuck. 

7. Breaker points in magneto out of adjustment. 

8. Broken spark-plug wires. 

9. Poor insulation on spark-plug wires. 

10. Petcocks in cylinders open. 

11. Needle valve turned down too far. 

12. Needle valve open too far. 

13. Air intake closed or obstructed. 

14. Throttle valve disconnected from lever on steering 
wheel. 

15. Exhaust pipe obstructed. 

16. Valve-stem clearance out of adjustment. 

17. Secondary air valve in carburetor stuck. 

To locate engine troubles quickly, it should be remembered 
that before an engine will run properly these three basic require- 
ments must be met : 

1. Properly vaporized fuel. 

2. Good compression. 

3. Strong spark. 

ENGINE TROUBLE CHART 

The following chart of engine troubles and their causes will 
be helpful in trouble shooting: 

I. Engine will not start. 

1. Fuel tanks empty. 

2. Fuel pipes obstructed. 

3. Water in fuel. 

4. Carburetor out of adjustment. 

5. C'ylinder has too much fuel. (Said to be 
flooded.^') 

6. Poor compression. (See Laboratory Study No. 
27.) 

7. Engine too cold. (Fuel will not vaporize.) Pour 
warm water into cooling system. 
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8. Carburetor frozen. 

9. Fouled or broken spark plug. 

10. Weak spark furnished by the magneto. 

11. Wires poorly insulated. 

12. Magneto breaker points dirty or out of adjustment. 

13. Spark-plug electrodes out of adjustment. 

14. Distributor arm wet or dirty. 

II. Engine fires irregularly. 

1. Carburetor out of adjustment. 

2. Spark-plug electrodes out of adjustment or loose. 

3. Loose, broken or oil-soaked wire. 

4. Poor compression. 

5. Sticking valves or weak valve springs. 

6. Valve-stem clearance out of adjustment. 

7. Water in gasoline. 

8. Fuel pipes partially stopped up. 

9. Too much oil in engine crankcase. 

10. Weak spark from magneto. 

11. Air leaks between carburetor and cylinders. 

12. Breaker points in magneto out of adjustment. 

III. Engine misses regularly in one cylinder. 

1. Fouled or broken spark plug. 

2. Sticking valve or weak valve spring. 

3. Valve-stem clearance out of adjustment. 

4. Loose or broken wire. 

5. Spark-plug electrodes out of adjustment. 

6. Distributor segment worn or broken. 

7. Poor insulation in ignition wire. 

8. Burned or dirty valve. 

IV. Engine Stops. 

1. Fuel tank emptj . 

2. Fuel line stopped up. 

3. Water in fuel. 
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4. Vent hole in fuel tanks plugged up. 

5. Ignition switch in wrong position. 

V. Engine overheated. 

1. Water too low in radiator. 

2. Fan belt slipping or broken. 

3. Not enough oil in engine crankcase. 

4. Oil pump not working. 

5. Too rich a mixture from carburetor. 

6. Spark retarded too much. 

7. Carbon deposits in cylinders. 

VI. Engine knocks. 

1. Carbon deposits in cylinders. 

2. Spark advanced too far. 

3. Engine overheated. 

4. Loose connecting-rod bearings. 

5. Loose crankshaft bearings. 

6. Worn wrist pin. 

7. Worn piston. 

8. Worn piston rings. 

9. Valve-stem clearance too great. 

10. Loose flywheel. 

11. Worn timing gears. 

12. End play in camshaft or crankshaft. 

VII. Lack of power. 

1. Poor compression, 

2. Too lean a mixture. 

3. Too rich a mixture. 

4. Weak spark. 

5. Engine overheated. 

6. Spark retarded too far. 

7. Clutch slipping. 

8. Dragging brakes. 
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9. Wheel bearings dry. 

10. Dirty spark plugs. 

11. Dirty valves. 

12. Weak valve spring. 

VIII. Backfiring through carburetor. 

1. Lean mixture. 

2. Intake valves sticking open. 

3. Dirty intake valve. 

4. Wires connected wrong between magneto and spark 
plug. 

IX. Spark plugs foul quickly. 

1. No spark delivered to the plug from the magneto, 

2. Exhaust valve not closing properly. (Weak spring 
or sticking valve.) 

3. Cracked insulation in spark plug. 

4. Poorly fitted or worn piston rings. (This allows 
oil to work past the piston and foul the plug.) 

5. Spark-plug electrodes set too close. 
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A 

Air cleaner, 366 
Auxiliary farm tractor, 347 

B 

Back furrow, 50 
Batteries, 368 
Beam, clearance, 45 
of plow, 11 
straightening, 20, 21 
Binders. See Grain binders. 
Broadcast seeders, 108, 109 

C 

Camshaft, 363 
Carburetor, 306, 386 
adjustment of, 395 
care of, 393 
choke valve, 391 
functions of, 386 
needle valve, 391 
secondary air valve, 389 
throttle, 392 
troubles with, 387, 392 
Center of power, 54 
Center of resistance, in plows, 54 ' 
Clevises, on gang plow, 34 
on sulky plow, 31 
on walking plow, 11, 12 
Clutch, on tractor, 377. 
Combination coulter and jointer, 32 
Combines, 312, 313 
Compression, causes for loss of, 303 
in engines, 351, 363 
Connecting rod, adjusting, 437 
babbitt busliing for, 439 


Conned ing rod, in engines, 352 
scraping bushing for, 440 
testing, 437, 455 

(V)oling sj'stem of tractor engine, 
375 

deaning and repairing, 431 
Com drills, 137 
Com listers, 138, 140 
Corn planters, 136 
check-row planter, 140 
action when checking, 148 
action when drilling, 147, 149 
adjusting hitch, 158 
check-row wire, 151, 159 
construction and principal parts, 
141 

fertilizer attachment for, 150 
furrow ojxrners, 149 
Iubri(;ation of, 157 
markers, 150, 151 
o])eratioii of, 157 
repair of, 155 

seed plates for, 144, 157, 158 
testing accuracy of, 153 
classes of, 136 
("oulter, of j)low, 31 
adjusting, 31, 41 

Crankcase, of tractor engine, 354 
oil level in, 354 
removing, 355 
(Vankshaft, 352 
Cultivators, 103 
adjusting shovels of, 189 
classification of, 164 
comparison of types, 180 
control methods, 175 
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Cultivators, disk, 172 
one-horse cultivator, 165 
operation of, 187 
repair of, 183 
riding cultivators, 171 
construction and principal parts, 
175 

operation of, 189 
repair of, 184 
shields or fenders, 170 
shovel cultivator, 171 
shovels for, 170 
straddle-row cultivator, 165 
operation of, 189 
repair of, 184 
surface cultivator, 172 
two-row cultivator, 178 
diagram for operation of, 192 
types and sizes, 163 
use and purpose of, 163 
walking cultivator, 166 
construction and principal parts, 
167 

wheel hoe, 164 
operation of, 186 
repair of, 182 
Curved-knife harrow, 96 
Cylinder head, 350 

cleaning carbon from, 432 
removing, 350 
replacing, 358 
Cylinder head gasket, 350 
replacing, 358 

Cylinders, on tractor engines, 350 
removing carbon from, 432 

D 

Dead furrow, 51 
.Differential, lubrication of, 372 
on tractors, 381 
Disk harrow, 71 
arbor bolt, 76 
bearings, 77 


Disk harrow, construction and prin- 
cipal parts, 73 
lubrication of, 99 
operation of, 104 
repair of, 84 
scrapers for, 78 
shape of disks, 73 
sizes of, 72 
tongue truck, 79 
transport trucks, 81 
types of disks, 73 
use and action of, 71 

E 

Eveners, on spike-tooth harrow, 67 
on spring-tooth harrow, 91 
on walking plow, 12 
parts of, 12 
repair of, 21 

F 

Farm tractors, 349 
Firing order of engines, 406 
Five-horse hitch, 55 
Flywheel, on engine, 353 
Fordson tractor ignition system, 413 
adjusting spark plugs, 418 
adjusting vibrator points, 415 
cleaning commutator, 416 
induction coils, 417 
Four-horse abreast hitch, 55 
Frameless riding plows, 35 
Fuel and carburetion system, 365 
care of, 393 

methods of heating, 396 
G 

Gang plow, 33 
adjusting hitch, 54 
alignment of wheels, 34 
beam, 33 
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Gang plow, clevis, 34 
clevis bar, 34 

construction and principal parts, 
33 

landside, 33 
operation of, 53 
repairing, 42 
throat clearance, 45 
Garden cultivating tractor, 347 
Governor, on tractors, 354, 366 
Grain binder, 218 
binder attachment on, 232 
care and adjustment of, 211), 
250 

construction and principal parts, 
219 

field troubles with, 257 
levers, 244 
lubrication of, 252 
operation of, 254 
repair of, 245 
threading the needle, 242 
tractor binders, 239 
transmission of power in, 241 
use and purpose of, 218 
Grain drill, 108 
adjusting liitch, 131, 132 
adjusting seeding rate, 114, 125 
construction and principal parts, 
111 

fertilizer feeding device, 121 
testing rate of, 127 
furrow openers, 117 
grain feeding device, 114 
testing rate of, 125 
lubrication of, 130 
operation of, 131 
pawls and ratchet on, 112, 113 
press wheel, 120, 121 
attachment, 121 
repair of, 128 
sizes of. 111 
troubles with, 134 


H 

Harrows, 62 
curved-knife, 96 
disk, 71 
selection of, 97 
special types of, 96, 97 
spike-tooth, 62 
spring-tooth, 87 

Harvester-thresher combine, 312, 
313 

Headlands, in plowing, 52 

High-Pressure lubrication syst/Cm, 
100 

Hillside plows, 47 

Horizontal suction, in plows, 13 


Ignition system, 368, 397 
of Fordson tractor, 413 
troubles in, 421 

Indications of wrong hitch in plow- 
ing, 56 

Induction coils, 369 
construction of, 417 


Jointer, of plow, 11 
purpose of, 11 
sharpening, 21 

L 

Land suction, in plows, 13 
ljunds, in plowing, 58 
Landside, of plow, 1 1 
Locating engine troubles, 450 
Lubrication of tractor, 371 
clutch yoke, 373 
differential, 372 
engine parts, 371 
high-pressure system, 100 
steering arms, 373 
transmission, 372 
wheels and axles, 372 
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M 

Magneto, 368, 397 
adjusting, 408 
impulse starter, 405 
lubrication of, 408 
parts of, 400 
principle of, 397 
timing to engine, 407 
troubles with, 422 
wiring to engine, 456 
Manure spreader, 200 
brake for, 274 

construction and principal j)arts, 
261 

lubrication of, 276 
operation of, 278 
repair of, 275 
sizes, 260 

tractor hitch for, 273 
use and purpose of, 260 
wide-spread device, 272 
Moldboard, of plow, 9 

angle of, with landside, 10 
effect of, on scouring, 10 
purpose of, 9 
removing rust from, 20 
shin of, 10 
types of, 6, 7 
Mowers, 194 
aligning cutter bar, 208 
centering sickle, 207 
construction and principal parts, 
196 

determining gear ratio, 20() 

field troubles with, 216 

operation of, 214 

parts of cutting mechanism, 200 

repair of, 211 ’ 

replacing sickle section, 210 

sharpening sickle, 210 

sizes of, 195 

use and purpose of, 194 


P 

Pawls, 112 
Piston rings, 352 
fitting, 443 
Pistons, 350, 351 
removing carbon from, 432 
Plow, 1 
brush, 5 
disk, 1 

frameless riding, 35 
gang, 33 

alignment of wheels, 34 
beam clearance, 33 
construction and principal parts, 
33 

throat clearance, 34 
moldboard, 1 
sulky, 25 

alignment of wheels, 29 
construction and principal parts, 
25 

operation of, 53 
repair of, 42 
set of bottom, 26 
steering of, 30 
tractor, 35 

classification, 35 
construction and principal parts, 
36 

lifting device on, 37 
safety release for, 38 
tyj)es and sizes of, 1 
use and i)urpose of, 1 
walking, 9 

construction and principal parts, 
9 

horizontal suction in, 12 
inspection and study of, 15 
repair of, 19 
set of bottom, 12 
sizes of, 12 

vertical suction of, 12 
wing bearing of, 14 
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Plow bottoms, 6 
black-land, 7 
breaker, 6 
chilled cast-iron, 7 
general-purpose, 6 
land suction of, 13 
set of sulky, 26 
set of walking, 12 
soft-center steel, 7 
special bolts for, 10 
stubble or old-land, 6 
vertical section of, 12 
width of, 2 
Plow shares, 11 
chilled cast-iron, 7 
crucible-steel, 8 
effect of worn, 13 
purpose of, 9 
quick-detachable, 9 
sharpening chilhid-iron, 23 
sharpening soft-center stc('l, 23 
soft-center steel, 7 
Plowing, 49 
back furrow, 51 
characteristics of good, 49 
dead furrow, 51 
headlands, 52, 53 
judging and scoring, 49 
lands in, 58 
laying out, 53 
purpose of, 1 
scouring, 10, 59 
scratch-furrow, 53 
side-draft in, 55 
troubles in, 59 
Potato diggers, 297 
action of parts, 304 
construction and principal parts, 
298 

field troubles, 311 
operation of, 308 
preparing for the field, 307 
repair of, 305 


Potato' diggers, rolling coulters for, 
303 

stone trap for, 303 
types and sizes of, 297 
use and purpose of, 297 
Potato planters, 280 
action of parts, 288 
construction and principal parts, 
283 

lubrication of, 292 

operation of, 293 

repair of, 290 

sizes of, 282 

use and purpose of, 281 

R 

Ratcliet and pawls, 112 
Riding plow, adjusting, 40 

S 

Scouring, in plowing, 10, 59 
Side-draft, in plowing, 55 
Spark plugs, 369 
adjusting, 411 
cleaning, 411 
construction of, 412 
troubles with, 421, 422 
Special smoothing harrow, 97 
Spike-tooth harrow, (>2 
cart for, (>8 

construction and j)rincipal parts, 
63 

flexible pipe bar, 60 
leverhjss, 00 
operation of, 104 
repair of, 69 
use of, 03 

Spring-tooth harrow, 87 
construction and prip<^pS 
87 

operation of, 1 
repair of, 93 
sizes of, 87 
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Spring-tooth harrow, use of, 87 
Steering device, on plows, 30 
Steering gear, on tractor, 425 
adjusting and repairing, 425, 426 
Sulky plow, 25 
alignment of wheels, 29 
combination coulter and jointer, 
32 

adjusting, 31, 32, 41 
constniction and principal parts, 
25 

coulter, 31 
adjusting, 31, 41 
operation of, 53 
repair of, 42 
set of bottom, 26 
two-way, 48 

T 

Testing the spark, 370 
Thickness gauge, 436 
Threshing machine, 312 
balancing the cylinder, 333 
construction and principal parts, 
314 

course of grain through, 325 
directions for common grains, 337 
lubrication of, 335 
operation of, 336 
repair of, 329 
sizes of, 314 
use and purpose of, 313 
Throttle, on tractor engines, 366, 
392 


Tractor engine, 350 
principal parts of, 350 
trouble chart for, 457 
Tractor plow, 35 
adjusting, 45 
axles, 39 

classification of, 35 
construction and principal parts, 
36 

draw bar, 38 
lifting device, 37 
wheels, 38 
Tractors, 345 

Transmission, on tractors, 379 
Trouble-shooting, on tractors, 450 

V 

Valve tappets, 353 
adjusting, 435 
Valves, adjusting, 432 
grinding, 435 
on tractor engines, 353 
timing, 361, 362 
Valve-stem clearance, 435 
effect of, if wrong, 454 
Vertical suction, in plows, 12 

W 

Walking plow, 9 
Water jacket, on engines, 354 
Weed hooks, on plow, 32 
Wheels, front tractor, 427, 428 
Wrist pin, in tractor engines, 352 
replacing, 447 




